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VII  Abstract 
Compared to other football codes, Australian football (AF) is somewhat unique because 
players can use any one of their four limbs to move the ball towards the opposition's 
goal. Following observation of a professional AF team in training and playing games, it 
became apparent that there were possible differential pressures for development of upper 
and lower limb skills in the game, motivating this series of studies of within- and 
between-individual skills. 
 
This thesis is a study of how within-individual and between-individual lateral preference 
affects the performance of perceptual-motor skills in AF. Chapter 2 provides a review of 
literature that has examined the behavioural, environmental and cultural aspects of 
hemispheric specialisation, handedness and footedness. The review concludes with a 
discussion of how laterality can mediate and influence expert performance in sport.  
 
The seven quasi-experimental studies contained within this thesis provide the first 
extensive examination of lateral preference and performance in elite AF players. Chapter 
3 assessed the patterns of footedness and handedness in AF as measured by performance 
during six professional games. Results demonstrated that whereas players executed 
handballs using both their preferred and non-preferred side, kicks were performed by 
predominantly using the preferred side. This effect was observed to a greater degree for 
players from mid-field positions. These data suggest that the demands of the game can 
overcome lateral preference, and that players could achieve more bilateral performance. 
Currently, however, these demands are met for handballing but not for kicking, which 
for most players remains highly lateralised. 
  
 xvi 
 
To date, no studies have quantified the relative hand and foot preference observed in AF 
players. Chapter 4 set out to examine the distributions of handedness and footedness 
amongst a group of 410 elite junior and professional AF players, and to collect their 
perceptions of the importance and the trainability of performance of AF kicking and 
handballing on the non-preferred side, in order to determine the feasibility of future non-
preferred side AF skills training. Using an AF-specific questionnaire to measure lateral 
preferences, the distribution of everyday life handedness in the sample of AF players 
was found to differ from both the general population and a population of expert 
basketball players, most notably by there being fewer mixed-hand preference players in 
the AF population. However, when sport-specific hand preference was considered, there 
were more mixed-hand preference players in the AF population compared to the expert 
basketball players. The distribution of footedness within the population of AF players 
differed from professional soccer players, with a smaller population of mixed-footed and 
a higher proportion of right-footed players in AF compared to soccer. In addition, the 
strength of preference for using the preferred side in this AF population increased with 
age for kicking but not handball, and these trends were reflected in skepticism expressed 
in comments from players and coaches regarding the importance and trainability of non-
preferred-side kicking skills. 
 
Work described in Chapter 5 examined whether laterality frequency, team familiarity 
and game experience affected preferred kicking foot identification in professional AF 
players. Using a repeated-measures experimental design, players identified the kicking 
foot of teammates and opponents using static images of opponents and teammates 
presented in a randomised sequence. Accuracy, reaction time (RT) and discrimination 
  
 xvii 
capability indices were examined. Overall, participants were less accurate and had 
slower RTs when identifying the kicking foot of opposing team players, relative to their 
speed and accuracy at identifying teammates. Significantly lower discrimination 
accuracy was also evident in participants’ capability to identify left-footed players from 
two different opposing teams relative to teammates. Moderating these trends, opposing 
player game experience reduced RTs and was correlated with greater accuracy, whilst 
participant game experience correlated with faster identification RTs.  
 
Research contained in Chapter 6 investigated the influence of foot preference and task 
difficulty with ‘snap-kicks’ for goal. ‘Snap-kicks’ occur when players can potentially 
score but are facing away from the goal, necessitating a kick across the body or over the 
opposite shoulder. In games, situations arise for both right- and left-foot snaps, but 
players often strive to use their preferred rather than non-preferred foot. This study 
considered whether such a strategy is optimal and examined whether foot-preference 
and task difficulty affect snap-accuracy. Elite AF players (19 ‘right-footers’, 8 ‘left-
footers’) were tasked with executing snap-kicks at easy and more difficult (acute) angles 
using both feet. As expected, accuracy was greater with the preferred (76%) than the 
non-preferred foot (57%) and greater for easy (78%) than difficult kick angles (56%), 
but there were no accuracy differences due to player footedness (left vs right). 
Surprisingly, given the relative difficulty, snap-kicks from the more difficult angle with 
the preferred foot could be made with a similar level of accuracy (67%) to kicks with the 
non-preferred foot made from the easier angle (69%). Results suggested that using the 
non-preferred foot for snap-kicks at goal in appropriate situations during games could 
increase scoring affordances, and that training on the non-preferred foot may benefit 
individual and team performance.  
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Chapter 7 contains three studies that investigated kicking and handballing performance 
differences in AF players with left- and right-side skill preferences. Professional AF 
players used their preferred leg for a set shot goal-kicking task, and both left and right 
upper limbs in two handball tasks. In Experiment 1, the set shot goal-kicking task, left-
footed AF players were more accurate than right-footed players from a more acute angle 
relative to the goal. In Experiment 2, using a choice-reaction time task, the accuracy cost 
of ‘look away’ handball passes with the preferred hand was lower for left-handers (3%) 
compared to right-handers (28%). Regardless of side preference, better accuracy was 
achieved when looking at the handball target than when ‘looking away’ and when using 
the preferred rather than the non-preferred hand. Experiment 3, using a similar 
handballing task, set out to determine the features of superiority of preferred-side 
handball performance. Reaction time was found to be faster when the ‘go’ signal 
indicated use of the preferred hand, and players handballed with shorter ball flight time 
compared to when using their non-preferred hand, suggesting that the preferred side had 
faster access to the stored skill representation and more efficient force delivery in 
execution. Handballing accuracy was also higher and ball flight time to the target was 
significantly shorter, when players were looking at the target compared to looking 
ahead. In the professional AF players studied in this chapter, both kicking and 
handballing performance results favoured left-side preferring players in Experiments 1 
and 2, with handball performance superior when using the preferred hand in 
Experiments 2 and 3. 
 
Together, this series of studies indicated that AF skills on the non-preferred side were 
less developed than the preferred side, although player beliefs and patterns of 
  
 xix 
handedness in games support a more dynamic view of laterality, potentially arising from 
evolution of the AF competition’s rules and team strategies. In the concluding chapter, 
these results are discussed in relation to conventional views of laterality, and suggestions 
are made for studies that would extend and test hypotheses arising from these research 
findings. Finally, consideration is given to the difficulty of attaining near-equivalence in 
bilateral skills (Provins, 1997b) and whether individuals hesitate at committing the 
energy required for non-preferred-side skill acquisition because of perceived task 
difficulty (Sparrow & Irizarry-Lopez, 1987), rather than constraints imposed by a right-
left side dichotomy. 
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Chapter 1:  Introduction and thesis overview 
1.1. Background 
1.1.1. Laterality and limb-preference in human functioning 
Asymmetry of performance between the two hands was noted early, by Woodworth 
(1899). The lateralisation of cerebral organisation has received broad scientific 
interest since the observations of Dax, Broca, Wenicke and Liepmann in the 1800s 
and early 1900s (Springer & Deutsch, 1998). The dominant use of a preferred side in 
human skill performance has been discussed and studied extensively (Young et al., 
1983), and side preference and brain structure seem to be related. Individuals with 
left-side compared to right-side motor preferences demonstrate differences in cerebral 
organisation (Knecht et al., 2000), in activation of the motor cortex during 
contralateral and ipsilateral finger movements (Kim et al., 1993), in the use of their 
non-preferred side (Steenhuis & Bryden, 1999) and in motor skill performance (Dane 
& Erzurumluoglu, 2003). 
 
Interest in the asymmetry of cerebral organisation and motor skill has been 
characterised by debates and a lack of consensus on a wide variety of issues, for 
example: determination of the cause of asymmetry as genetic (McManus, 1999) or as 
resulting from environmental influences and learning (Provins, 1997a); whether 
lateralisation in humans represents a continuity in evolution (Rogers, 1995) or a 
saltational event (Crow, 2000); whether unusual patterns of lateralisation cause 
(Annett, 1996) or do not cause (Whitehouse & Bishop, 2008) developmental 
pathologies; and whether handedness should be measured as a categorical (McManus, 
2002) or continuous (Annett, 2002) variable.  
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1.1.2. Laterality and limb-preference in movement contexts 
In sport, laterality has been demonstrated as limb-preference in motor skills such as 
kicking (Nunome et al., 2006), in perceptual tasks such as anticipating a handball 
throw (Schorer et al., 2012) and in tactical decision-making such as placement of a 
tennis serve (Loffing et al., 2009). However, training can mitigate against 
discrepancies (or [dis]advantages) in lateral motor skill performance. For instance, 
elite soccer players have demonstrated bilateral and equally-skilled use of their legs 
when required (Carey et al., 2009), while basketball players have shown reduced side 
dominance in specific game skills as a result of training (Stöckel & Vater, 2014). 
Higher levels of expertise also appear to reduce the advantage of being left-sided in 
tennis players (Loffing et al., 2012a). Elite sports players who have participated in 
long-term specific practice may therefore – based on skill and context requirements – 
mitigate against motor asymmetries and the perceptual uniqueness presented by left-
handers in sport situations.  
1.1.3. Laterality and limb-preference in Australian football 
The game demands of AF create a context requiring an unusual variety of nominally 
bilateral skills in kicking and handball passing that need to be performed repetitively 
and adaptively according to changing game conditions. The absence of an off-side 
rule in AF means that players are unrestricted in their movements on the field when 
preparing to receive the ball. Players can use the limbs of either their upper or lower 
body, and on the right or left side, to propel the ball. Kicking in AF is sometimes an 
activity where players have time and space to prepare their movement and execute the 
skill without direct pressure from opponents, whereas handballing is usually a 
dynamic activity and often undertaken in general play with players subjected to a high 
degree of pressure from opponents close to them. Illustrating the evolution of 
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coaching views, up until the 1960s players were routinely encouraged only to kick the 
ball rather than employ handballs (Coventry, 2015). As recently as 1999, teams 
performed 194 kicks and 107 handballs on average per game, a ratio of 1.82 
(Champion Data, 2016). By contrast, in 2016, teams executed 206 kicks and 170 
handballs on average per game, a ratio of 1.21 (Champion Data, 2016), reflecting the 
increasing use of this faster-executed form of hand passing. 
 
Both researchers and practitioners have asserted the need for more lateral symmetry in 
AF skill performance. One AF training manual (McLeod & Jaques, 2005) states that 
lower limb bilaterality in players allows them to be less predictable and to increase 
their scoring opportunities (Guilherme et al., 2015). In the elite game, using the non-
preferred side is recognised as a necessary skill both when handballing (Parrington et 
al., 2015a) and kicking (Ball, 2011). Media reports reflect these views, for example 
stating that ".....with Australian Rules more congested and tighter than ever before, it 
has never been more important for a player to have a strong non-preferred kick" 
(Waterworth, 2014). 
 
The changing and evolving nature of AF may mean that individual player laterality is 
now even more relevant as a potential point of weakness or performance advantage 
from a team perspective. The game of Victorian football began and developed in 
Melbourne, Australia, during the 1850s (Blainey, 2003). The Australian Football 
League (AFL) is now a national competition played between 18 teams. It is generally 
acknowledged that the game has continuously evolved over the last 150 years (Gray 
& Jenkins, 2010; Norton, 2016; Norton et al., 1999; Woods et al., 2017), such that 
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today's game not only bears little relation to the one first played in the middle of the 
19th century, but is also very different to that seen just 20 years ago. 
 
The requirements of a modern footballer have been shaped by an interactive 
relationship between the corporate transformation of AF, the physical preparation of 
players, coach development and creativity, and changes to rules (Norton, 2016). There 
are now 360 rule and rule interpretation changes compared to the original list of 10 
(Norton, 2016), with 51 of these coming in the two decades following the formation 
of the Rules Committee in 1994 (Kendall & Lenten, 2017). Coventry (2015) describes 
how coaches have shaped the rapid strategic and tactical evolution of the game, which 
in turn has led to further rule changes by the governing authority (typically to make 
the game faster and more continuous for television audiences). The pace of change in 
the game presents challenges for players and coaches (Wisbey et al., 2010), but now it 
must be accounted for in physical and cognitive skill preparation. 
 
Between 1961 and 1997 game speed almost doubled, the velocity of ball movement 
increased and the number of stoppages also increased (Norton et al., 1999). This trend 
continued over the 2003 to 2009 seasons (Burgess et al., 2012). The number of 
players within five metres of the ball during any 15-second period of a game also 
increased in the period 2006-2015 (Norton, 2016). These trends generated a need for 
both new and more highly developed perceptual-motor skills, so that athletes could 
respond appropriately to the changed context (Passos et al., 2011). 
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1.1.4. Laterality and limb-preference in AF: The problem 'at-hand' from an insider 
practitioner perspective 
This thesis project originated from the author's observations of an elite AFL club both 
in training and when playing games, from an interest in determining ways for 
improving individual and team skills as a member of the professional coaching staff 
of that club, and from an interest in the determinants of side preference in AF skills. 
From the outset, it was notable that anecdotal reports from coaches appeared to reflect 
a view of left-footed players as being "different" in terms of their skill capabilities. It 
has also been suggested that one successful professional AF club specifically targeted 
left-footed players in creating their playing list (Stevens, 2010). However, during the 
early stages of being employed as skill acquisition coach with the Sydney Swans 
football club, the author noted that training sessions did not include any specific 
practice of skills on the non-preferred side. It became apparent that there were 
possible differential drivers for development of upper and lower limb skill in the 
game, thus motivating undertaking an assessment of within- and between-individual 
skills. Specifically, when a player catches the ball on the full after it has been kicked 
over a distance of at least 15 metres (i.e. when they take a 'mark'), AF game rules 
entitle the player up to 15 seconds to take a free kick without the risk of being tackled. 
This rule does not apply to handball passes, where play continues and players can be 
tackled whilst holding the ball. Speed of disposal and being able to take advantage of 
all passing affordances therefore make bilateral handball skills potentially more 
important to both individual and team performance than bilateral kicking. 
 
It has been suggested that there is limited attention paid to laterality within AF at 
present and this is reflected at annual draft camps, where agility tests favour 
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individuals with a left-turn (i.e. off their right-foot) preference (Hart et al., 2014b). 
While there are players who can act as models for the development of non-preferred 
side kicking-skill, and who use their non-preferred side as much as 50% during a 
season (Faulkner, 2016), they are as few as one per first-grade team, and most AF 
players exhibit a strong kicking foot preference. Only 8% of kicks during the 2015 
season were performed using the non-preferred side (Champion Data, 2015). 
 
Further reflecting inconsistencies regarding the treatment of laterality in AF, a survey 
of senior coaches in 2015 found that 56% felt that players "should come into the 
(professional) club system with (kicking) skills on both sides" of their body 
(Schmook, 2015). In contrast, Chris Fagan (then Head of Coaching and Development 
at Hawthorn Football Club) suggested that "......you've got to allow for plenty of 
practice of basic (kicking) technique, both on the preferred and non-preferred sides" 
(Roffey, 2009). 
 
Despite these observations, there has been no systematic collection of data concerning 
the issue of laterality in AF. Bilaterality of skill is potentially an untapped route to 
greater skill and performance both at an individual and team level. Bilateral skills 
increase expertise and benefit an individual's decision-making ability due to a greater 
number of affordances for action and by the player being less constrained by the 
environment (Eastwood, 1972; Unitas & Dintiman, 1979). Evidence-based 
comparisons of players with right-sided and left-sided motor preferences may also 
reveal whether any perceptual-motor differences exist between these individuals. 
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In AF, kinematic differences between the preferred and non-preferred sides have been 
observed in elite players when handballing (Parrington et al., 2015a) and kicking 
(Ball, 2011). An unpublished industry report also noted that players use their non-
preferred side up to 40% of the time in games (Ball, 2003, cited in Ball, 2011). 
However, due to the rapid changes in game play over the last 10 years, it is unclear to 
what extent modern AF players demonstrate asymmetries in use of their preferred and 
non-preferred sides when executing upper and lower body skills, and whether any 
performance differences between the two sides of the body can be highlighted through 
experimental tasks.  
1.2. Statement of the problem 
There are strong reasons for asymmetry, i.e. behavioural laterality, in an individual's 
motor performance, both in terms of quality and frequency of use. The generally 
observed superiority in performance of one side of the body suggests that AF players 
should demonstrate asymmetries in use and performance for game-specific hand and 
foot skills. However, lateralised behaviour in the sporting arena has only recently 
begun to attract research interest. The potential superiority in sport of individuals with 
left-side compared to right-side motor preferences has received much attention 
although there remains no clear consensus on whether any resulting advantage is 
strategic or perceptual-motor in nature. Studies of how laterality influences the 
perceptual-motor skill preferences and performance of sporting populations have 
typically examined either upper or lower limb movements within individuals. Only a 
limited number of biomechanical analyses have investigated a sport that requires 
complex motor skills using both upper and lower limbs to be executed by all 
participants. Research in laterality in sport also lacks an overall examination of 
laterality within a population of elites across several distinct perceptual-motor skills. 
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Specifically, as related to AF, although between-side kinetic and kinematic 
differences have been reported for kicking and handball, there has been little 
examination of how issues related to laterality influence the performance of players 
across a wider spectrum of game-specific skills. A consistent conclusion from 
coaching and scientific texts is that AF players should increase the volume of practice 
on their non-preferred side to achieve a level of performance and movement quality 
more equivalent to that of their preferred side (Ball, 2011; Parrington et al., 2015a). 
However, few specific recommendations about how to do this exist across the breadth 
of AF perceptual-motor skills. 
 
Hence, the over-arching research aims of this PhD were: 
1) Establish further scientific understanding for how laterality differences are 
manifested in discrete AF perceptual-motor skills, 
2) Examine differences between individuals with right-side and left-side motor 
preferences in the performance of AF perceptual-motor skills, and 
3) Identify training and practical implications for coaching so that greater bilaterality 
is displayed in the perceptual-motor skills related to the modern AF game. 
1.3. Specific aims 
Aim 1: To examine the degree of lateral preference for kicking and handball using an 
analysis of professional AF games, and to determine whether preference is affected by 
playing position and game context. 
Aim 2: To establish the distribution of handedness and footedness for AF handball 
and kicking skills in both junior and senior elite players using a laterality 
questionnaire; then to determine whether the extent of lateral preference is equivalent 
in upper and lower limb AF skills and whether hand preference in everyday life has 
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any moderating effect on AF-specific lateral preferences; and to investigate the 
attitudes of players and coaches regarding the importance of bilateral skill in AF 
kicking and handball. 
Aim 3: To determine whether professional AF players’ accuracy, reaction time, and 
discrimination of ‘kicking foot’ identification (Kicking Foot-ID) are affected by 
frequency of right- and left-footedness, in team-mates versus opposing team 
members, and by game experience. 
Aim 4: To compare the accuracy of snap-kicks at goal in a sample of professional AF 
players according to performance on the preferred and non-preferred foot, and from 
relatively ‘easy’ (less-acute angle; ‘snap-kick across the body’) and ‘hard’ (more-
acute angle; ‘snap-kick over the shoulder’) angles. 
Aim 5: To examine whether right- and left-side preference differentially affect AF 
skills, specifically the performance of right- and left-footed players in an AF goal-
kicking task, and the performance of right- and left-handed players in an AF 
handballing task. 
1.4. Theoretical framework 
Ericsson and Smith (1991) proposed the expert-performance approach as a systematic 
framework for the study of expertise. Capturing and documenting expert performance 
using representative tasks is the first stage within this framework, establishing norms 
from which further investigations can be based (Ford et al., 2009). The purpose of the 
present work was to use the study of experts’ characteristics to better examine and 
understand how laterality influences individual performance of perceptual-motor 
skills within the context of AF. The professional status of the athletes participating in 
studies contained within the current body of work was used to define their expertise 
status (Hodges & Baker, 2011). The length of time that experts have participated in 
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structured activities aimed at enhancing performance makes them an ideal population 
for examining how preference and performance asymmetries might be modified 
(Rendell et al., 2011). Identifying and describing the characteristics of expert 
performance within domain-specific skills is an important first step towards 
explanation and understanding, and towards being able to improve and optimise their 
skilful performance (Abernethy et al., 1994; Janelle & Hillman, 2003). 
1.5. Thesis outline 
In accordance with the above-stated aims, and the theoretical framework, eight 
chapters are presented in this body of work, as follows: 
 
Chapter 2: Literature review. 
This section provides a background for the structure of the succeeding research 
chapters, outlining reasons for behavioural laterality, for how side dominance has 
been examined in sport, and for the analysis of skill in AF.  
 
Chapter 3: Foot and hand use in professional Australian football. 
Side preference for executing AF handballs and kicks within a group of professional 
AF players is examined from footage of games in progress. The foot and hand used 
for each disposal of the ball by individual players, the playing position of each player, 
and whether disposals were made after a ‘mark’ or during continuous play, are 
considered to determine whether preference is affected by playing position and game 
context. 
 
Chapter 4: Player and coach attitudes regarding preference for unilateral vs bilateral 
hand and foot skills in Australian Football. 
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Distributions of self-reported handedness and footedness are examined using an AF-
specific laterality questionnaire within a group of elite junior and professional AF 
players to determine the extent of their lateral preference for sport-specific skills, and 
whether the extent of lateral preference was equivalent in upper and lower limb AF 
skills. Further consideration is given to the attitudes of players and coaches regarding 
the importance of bilateral skill in AF kicking and handball.  
 
Chapter 5: Laterality frequency, team familiarity, and game experience affect kicking-
foot identification in Australian football players.  
This study uses indices obtained from a response latency device to examine whether 
laterality frequency, team familiarity and game experience affect Kicking Foot-
Identification in a sample of professional Australian football players. 
 
Chapter 6: ‘Snap-kicking’ in elite Australian football: How foot preference and task 
difficulty highlight potential benefits from bilateral skill training. 
The accuracy of snap-kicks at goal in a sample of professional AF players is 
compared in two conditions: first, with the preferred or non-preferred foot and second, 
from a relatively ‘easy’ (less-acute angle; ‘snap-kick across the body’) or ‘hard’ 
(more-acute angle; ‘snap-kick over the shoulder’) angle. 
 
Chapter 7: Kicking and handballing performance differences in Australian football 
players according to side preference. 
Three experiments examine whether right- and left-side preference are differentially 
associated with AF skills. Experiment 1 investigates performance differences between 
right- and left-footed players in an AF goal-kicking task. Experiment 2 explores 
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differences between right- and left-handed players in an AF handballing task. Finally, 
Experiment 3 further examines performance differences between the preferred and 
non-preferred-side in a similar handball task. 
 
Chapter 8: Conclusion and directions for further study.  
This section summarises the key findings of the five preceding experimental chapters, 
discusses the coaching implications of the findings from the current body of work, 
considers the strengths and weaknesses of the experimental studies, outlines 
directions for future research and presents the final conclusions from the results of the 
experimental studies conducted. 
1.6. Significance of the thesis 
 
The environment of the modern game of AF permits the examination of laterality in 
AF skill performance both as a way of improving skill level and for improving 
scientific understanding regarding lateral preference in human skills. This thesis will 
add to the scientific literature on how laterality-based differences manifest in specific 
movement situations. The studies use experimental methodology to obtain data to 
better understand how laterality issues manifest in AF-related perceptual-motor skills. 
From a scientific and practitioner perspective, the thesis provides sport-system and 
practitioner-focused evidence to help improve non-dominant laterality skills. 
Additionally, this body of work provides possible solutions to the problem of how to 
reduce laterality-based individual and team performance differences in ways that can 
be applied in the daily practice of athlete training. 
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Chapter 2:  Literature review 
 
There has been considerable work on human lateralisation in a number of scientific 
fields. Examined from a multidisciplinary perspective, laterality is one factor that 
mediates the performance of motor skills. Many perspectives have been taken in the 
interpretation of data and little consensus exists despite the volume of work that has 
emerged over a long period of time (Klar, 2003). 
 
Brain asymmetry and sidedness are challenging phenomena to account for. Real 
challenges begin to emerge when one attempts to explain individual-level and 
population-level asymmetries using a consistent argument. Many psychologists and 
neuropsychologists have examined causal mechanisms or processes involved in the 
human lateralisation of behaviour. To adequately understand behaviour, it is also 
necessary to have an ultimate explanation of why the behaviour increases fitness and 
is therefore favoured (Rogers et al., 2013). 
2.1. Adaptive significance (Function) - Description of how variations in the trait have 
influenced fitness 
 
The evolution of cerebral asymmetries is a matter of contention, although some 
version of an 'efficiency through specialisation' account is a possible explanation 
(Springer & Deutsch, 1998). Genes are likely to play a role in the determination of 
certain biological asymmetries, however the purpose served by genes expressing 
lateralisation and the exact reason why natural selection would favour the persistence 
of asymmetries continues to be debated (Vallortigara & Rogers, 2005). 
 
  14 
2.1.1. Value of cerebral lateralisation to the individual 
Optimal operation in a complex and highly stimulating environment may demand the 
increased efficiency and the optimally employed functional capacity of the brain that 
can be achieved from asymmetry (Sainburg, 2010). Possible neural benefits include: 
(a) Increased available neural capacity. 
A bilaterally symmetrical brain may not allow the maximisation of neural resources. 
Allocating cortical space to specific functions potentially increases overall processing 
power (Levy, 1977). Challenging this hypothesis, however, Knecht et al. (2001) 
demonstrated that the degree of language lateralisation did not relate to linguistic 
capability. 
(b) Parallel processing. 
Lateral specialisation may be an evolutionary step undertaken in order to avoid 
energy-wasteful duplication of function within the cerebral cortex (Levy, 1977). 
Dividing resources asymmetrically between the two hemispheres could increase speed 
of processing and allow for the simultaneous performance of two tasks. For example, 
language functions may lateralise partly in order to perform simultaneous and 
different tasks when speaking and listening (Deacon, 1998). 
(c) Functional incompatibility. 
If both cerebral hemispheres were equally adept at one function, for example a 
complex movement, there may be conflict between the two in selecting a response. 
Allocating responsibility for executive function to one hemisphere solves this issue 
(Corballis & Beale, 1976). Interhemispheric inhibition during movement would also 
ensure unwanted crosstalk between hemispheres (Serrien & Sovijärvi-Spapé, 2016). 
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(d) Enhanced cognition. 
Having very low levels of brain asymmetry has been associated with various 
cognitive impairments, leading to the conclusion of a causal link between failure to 
develop side preference and cognitive capability (Crow, 2010). For example, Crow et 
al. (1998) examined data originally recorded in the UK National Child Development 
Survey (Shepherd, 1985). At age 11, a large group of children completed tests of 
manual skill, verbal ability, non-verbal ability and reading comprehension. Treating 
handedness as a continuous variable, Crow et al. (1998) found that individuals with 
equivalent skill in the right and left hand scored lower in the cognitive tests than those 
with greater levels of dominance in either direction. Any such relationship is probably 
highly complex, however, with a number of factors likely to be involved (Springer & 
Deutsch, 1998). 
 
Specialised roles within the two cerebral hemispheres may therefore be an 
evolutionary adaptation in order to increase cognitive processing capacity and reduce 
the energy cost of neural redundancy (Gazzaniga, 2000). On the other hand, there 
would be costs as well as benefits to lateralisation at the individual level (Rogers et 
al., 2013). 
 
An important further question related to lateralisation in humans and other species is 
why there is alignment of behavioural asymmetries at the population level 
(Vallortigara, 2006). The benefits and increased fitness derived from increased neural 
processing capacity resulting from lateralisation do not require such alignment 
(Corballis, 2009; Vallortigara & Rogers, 2005). In theory, therefore, equal proportions 
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of the population could demonstrate laterality in each direction. This therefore begs 
the question why laterality in the population is predominantly in one direction. 
2.1.2. Value of behavioural lateralisation to a population 
In humans, approximately 90% of the population demonstrate a preference for using 
their right hand in motor tasks (Goble & Brown, 2008). A similar proportion prefer to 
use their right foot for mobilisation tasks. Behavioural asymmetries have also been 
recorded in many other species, even if the incidence of population alignment is not 
as strong as in human handedness (Corballis, 2009; MacNeilage, 2006). Powerful 
selective pressures would have been required to cause directional asymmetries of 
behaviour at the population level because they probably convey a biological 
disadvantage (Andrew, 2005). Variations in asymmetry between individuals are 
therefore likely to have provided some adaptive function in addition to asymmetry 
itself (Corballis, 2009).  
 
A genetic polymorphism could be steadily maintained by processes such as balanced 
selection, assuming there is an advantage for heterozygotes (over homozygotes), 
and/or negative frequency-dependent selection where the fitness of a particular 
phenotype increases as it becomes less common: 
(a) Heterozygotic advantage. 
Variation in the presence or absence of a population-level genetic influence could be 
the cause of variation in lateralisation (Vallortigara & Rogers, 2005). Single-gene 
models of handedness in humans (Annett, 2002; McManus, 2002) propose that an 
individual's genotype determines cerebral bias towards the left, or no bias at all 
(Bishop, 1990). One allele predisposes individuals to right-handedness while another 
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assigns the determination of asymmetry to chance. A presumed heterozygotic 
advantage then preserves a balance between the two extremes of lateralisation, i.e. 
between symmetry and asymmetry (Corballis, 2009). However, the argument that 
heterozygosity might have a greater adaptive fitness than homozygosity is currently 
speculative (Corballis, 2005; Vallortigara & Rogers, 2005). In addition, alignment of 
lateralisation at the population level may not be advantageous (i.e. increase fitness) in 
that it creates highly predictable behaviour in the individual. 
(b) Evolutionarily stable strategy. 
A minority group within a population can be maintained due to the advantages 
inherent in demonstrating opposite patterns of behaviour to the majority. Vallortigara 
and Rogers (2005) propose that alignment of brain lateralisation at the population 
level occurred via an evolutionarily stable strategy, whereby individually beneficial 
behaviour is determined by what the majority of the remainder of the group does. 
Individuals with opposite patterns of asymmetry (e.g. left-handers in humans and 
primates, or avoidance behaviour within a group of other vertebrates) are then 
maintained at a stable proportion (a balanced polymorphism) because of the 
individual advantages they obtain by this opposing bias (Corballis, 2009). Handedness 
is then only one potential behavioural outcome that is superimposed upon this 
foundational structure of brain lateralisation. Other examples include footedness (Day 
& MacNeilage, 1996), eye (Springer & Deutsch, 1998) and ear (Kimura, 2011) 
dominance, and asymmetrical responses to environmental stimuli as seen in many 
non-human animals (Rogers et al., 2013). 
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2.2. Phylogeny (Evolution) - What is the phylogenetic history of the trait? 
 
The evolutionary development of lateralised brain function has been reconstructed by 
making interpretations about the existence of this feature in past human populations, 
as well as by analysing the behaviour of extant species of primates and other 
vertebrates. Interest in the phylogeny of cerebral and behavioural asymmetry has 
focused in particular on links with features of homo sapiens (e.g. speech, bipedalism, 
the manufacture of complex tools, cerebral asymmetry) that are seen as species-
specific markers (Hopkins & Rönnqvist, 1998). 
 
The question of whether a common evolutionary mechanism exists to explain human 
and vertebrate lateralisation, or whether it is a defining characteristic of homo sapiens, 
has been extensively debated (Crow, 2004a, 2005; MacNeilage, 2006; McManus, 
2002; Vallortigara & Rogers, 2005). One possibility is that brain asymmetry at a deep 
level has been preserved through phylogeny and that the cerebral asymmetry in 
humans represents a continuity of this process (Vallortigara, 2006). Alternatively, 
cerebral asymmetry could have appeared de novo in homo sapiens (Crow, 2010) or an 
additional effect on homo sapiens may have been superimposed upon a structure of 
existing asymmetry as reported in primates and other vertebrates (Cashmore, 2009). 
 
Evolutionary pressures could favour both bilateral symmetry as well as asymmetry in 
organising certain functions within organisms (Corballis & Beale, 1976). In order to 
move freely and efficiently within their environment, most animals have developed 
limbs that are organised with bilateral symmetry. The emergence of asymmetry has 
therefore been seen as a later step in phylogeny, with bilateral symmetry regarded as 
the foundational position. This view helps justify the argument that the emergence of 
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functional or structural asymmetries are unique properties of modern humans 
(Hellige, 1993). Asymmetry may however be more adaptive for certain motor and 
sensory functions, for example in determining the shape and placement of visceral 
organs, so as to make efficient use of the available space. Functions that are not 
subject to strong environmental pressures towards symmetry may therefore develop 
towards asymmetry (Corballis & Beale, 1976; Hellige, 1993). 
2.2.1. Extinct hominin societies 
Researchers working on human origins are interested in assessing the links between 
cerebral asymmetry and the evolution of cognitive capacities. Gross asymmetries in 
the occipital and frontal poles may relate to handedness, and have been measured in 
fossil endocasts (Uomini, 2015). Assuming these are accepted as being associated 
with a right-hand preference, then this feature of humans may date to a period 
between 2.0 and 2.5 million years ago (Steele, 2000). It should be noted however that 
the use of fossil endocasts in obtaining these conclusions has been questioned as 
being "prone to qualitative interpretation" (Chance & Crow, 2007, p. 90). 
 
Hand preference in extinct species has also been identified from the osteological 
expression of lateralised behaviour in fossil records (Cashmore, 2009), i.e. by 
studying differences in left-right skeletal morphology and inferring hand use due to 
the assumed effect of mechanical loading on bones (Steele, 2000). Such post-cranial1 
evidence from a limited number of homo erectus skeletons (dating from 150,000 to 
1.9 million years ago) indicates a possible right-side preference in these individuals 
(Steele, 2000). Only one individual has been identified as demonstrating a left-hand 
preference from pre-Neanderthal remains (Faurie et al., 2016). Based on a study of 
                                                
1 Post-cranial refers to all parts of the skeleton apart from the skull. 
  20 
eight individuals demonstrating clear right-side asymmetry reflective of strenuous 
mechanical loading, Cashmore (2009) concluded that group-level hand preference 
patterns similar to that of modern humans can only reasonably be inferred to exist 
since the Neanderthals, approximately 35,000-100,000 years ago.  
 
Examining the orientation of striations found on the labial surfaces of the front teeth 
has also been used to infer handedness from fossil hominin remains (Bax & Ungar, 
1999). These scratches may have resulted from food ingestion, and use of the front 
teeth as tools to hold and process various cultural, non-food items (Bax & Ungar, 
1999; Lozano et al., 2017). Frayer et al (2012) argued that the pattern of striations 
found on tooth samples from several European sites indicates that population-level 
right-handedness was present in the ancestors of European Neanderthals, around 
500,000 years ago. 
 
Some methodological issues have been raised with this area of study, however. 
Cashmore (2009) notes that skill differences between the two hands cannot be 
reasonably assessed from skeletal remains. Many modern measures of hand 
preference are also culture-specific (e.g. writing hand, toothbrush) and therefore using 
the same terminology in studies of asymmetries in modern humans as well as extant 
and extinct species may be inappropriate. In addition, cranial studies make 
assumptions based on individuals with known hand preferences, as measured by 
questionnaires. These may not reliably reflect the skill differences that could underpin 
human handedness (Annett, 2002).  
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Further, the study of fossil endocasts relies on first obtaining brain scans of 
individuals with known hand preferences and then relating scan data to cranial 
morphology in order to determine if inferences can be drawn from skeletal remains 
(Steele, 2000). Although there are associations between handedness and cortical 
structures such as the planum temporale, planum parietale, Sylvian fissure and central 
sulcus (Amunts et al., 2000), only the Sylvian fissure could potentially be detected in 
cranial morphology (Steele, 2000). In addition, of the gross occipital and frontal pole 
asymmetries detectable from skeletons, only occipital width asymmetries have been 
shown to distinguish between right-handed and non-right-individuals in brain scans of 
those groups (Steele, 2000). The relationship between brain asymmetry and 
morphological features in dry skulls is therefore relatively weak.  
 
There are also methodological issues in generating hand preference data from the 
examination of post-cranial fossil evidence. Bones do not respond in uniform ways to 
stress due to differential developmental and environmental effects. It is also unclear 
whether daily activity patterns would be sufficiently vigorous to manifest as 
osteological changes that reflect arm preference. Patterns of loading may also have 
been different in previous cultures (Steele, 2000). Few studies have examined skeletal 
measures of individuals with known hand preference. There is also no consensus on 
how asymmetry data between limbs should be analysed or quantified. Finally, there is 
a general lack of fossil material available to analyse, and pairs of bones known to 
originate from the same individual are rare (Cashmore, 2009). From the current 
perspective, it seems unlikely that sufficient data will ever be obtained from the fossil 
hominid record in order to determine population-level (i.e. species-wide) limb 
  22 
preference. Steele (2000) had previously concluded that interpretations of skeletal 
variability cannot be made with confidence. 
 
Further, challenging the validity of inferring patterns of handedness in fossil hominids 
from manipulatory marks on anterior teeth, Bax and Ungar (1999) found no 
relationship between handedness and the orientation of striations in modern humans. 
2.2.2. Extant primate species 
Extant primate species can also be studied in order to hypothesise about the 
possibility of continuity between apes and humans. Based on analyses of skeletal 
morphology, apes do not appear to show a population-level right-hand preference as 
seen in humans, or at least not the same degree of asymmetry of loading on the 
dominant side (Steele, 2000). 
 
There are difficulties in measuring hand preference behaviour in living primates, as 
well as possible confounding effects resulting from studying animals living in 
captivity with regular human interaction (which might influence hand use through 
social interactions). Nevertheless, population-level manual asymmetries have not been 
observed in primates, suggesting that the evolution of handedness occurred during the 
hominem lineage (Cashmore, 2009). It should be noted that forelimb use is 
independent of other brain lateralisations, however, and handedness is only one 
possible manifestation of neural asymmetries (Fitch & Braccini, 2013). Therefore, 
structural asymmetry may exist in the ape brain at a population level in the absence of 
individual hand preference or group handedness (Rogers, 2004). 
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2.2.3. Genetic theories of lateralisation and evolution 
Some genetic theories of cerebral lateralisation and handedness are based upon the 
assumption that one or more genetic mutations occurred in the hominid line to 
produce the asymmetries seen in modern homo sapiens (Annett, 2002; McManus, 
2002). For example, McManus (1999) proposed a timeline that begins with the homo 
species demonstrating 50% right-handedness and 50% left-handedness around 2 
million years ago. A gene mutation was then hypothesised to cause rapid alignment of 
the population towards right-handedness. This is supported by evidence that stone 
flakes made around 1.9 million years ago show a 57:4 dominance towards right-hand 
compared to left-hand manufacture (Corballis, 1999). After a period of stasis, 
approximately 200,000 years ago a further gene mutation then retained the dextral 
bias in behaviour and also led to rapid cognitive advancement (e.g. language). A final 
gene mutation around 10,000 years ago formed the balanced polymorphism seen 
today, with around 90% of the population showing a dextral bias and around 10% 
demonstrating left-handedness (McManus, 1999). 
2.2.4. Co-evolution of human capacities 
A number of theories have been proposed as causal explanations for the co-evolution 
of the human features of cerebral lateralisation, language, bipedalism, tool use and 
handedness. Some theories view cerebral lateralisation and the development of speech 
as the primary, driving event, with hand preference a secondary result (Bishop, 2001). 
Others argue that language lateralisation may have simply resulted from a pre-
adaptation in the brain, and that lateralisation is not specific to language or humans. 
Priddle and Crow (2013) argue for the role of a genetic influence in homo sapiens that 
caused language to be located laterally in the brain, with a co-occurring bias towards 
right-hand preference. In this respect, hemispheric asymmetry is seen as a recent 
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evolutionary step in hominids, not as an embodiment of more general principles for 
brain organisation, and one that led to the capacity for language. Verbal deficits have 
been observed in individuals around the point of "hemispheric indecision", or similar 
skill in each hand (Crow et al., 1998). Priddle and Crow (2013) also highlight a gene 
pair that evolved recently and which has been associated with brain development, as 
well as a possible locus of X/Y homology that evolved in modern homo sapiens. 
Crow (2004c) hypothesises that all of these characteristics - cerebral asymmetry, 
language, handedness (and schizophrenia) - have a common genetic source that exerts 
a pleiotropic influence and that played a role in the transition from a precursor species 
to modern homo sapiens. The first homo sapien to speak was possibly a male, and 
language evolution continued through a process of sexual selection (Crow, 2004b). 
 
An alternative account is that left-hemisphere dominance for vocal communication 
occurred first, followed by sign language in early hominins using mainly the right 
hand, subsequently leading to speech and population-level right-handedness 
(Corballis, 2003) Other gestural theories have viewed the left hemisphere control of 
praxis as occurring first, followed by speech being asymmetrically represented (Code, 
2003). Hypotheses about the manufacture and use of complex tools, along with the 
achievement of bipedal locomotion, are also based on lateralised motor functions 
emerging first (Corbetta, 2003). Calvin (1983) has linked the need for precisely timed 
throwing to encephalisation, which then laid the neural foundation for language. 
Gestures made during hunting expeditions may have led to initial vocal 
communication and eventually speech. 
 
  25 
Based on an extensive review of research related to manual skill, handedness and 
speech, Provins (2012) takes the view that the social inheritance of ancient and 
apparently universal views of the right and left hand could have origins dating back to 
before the growth and dispersal of human populations. Therefore it is possible that the 
predominance for using the right hand is a learned phenomenon superimposed upon 
the less sophisticated manual behaviours observed in non-human primates (Provins, 
1997a). It is also likely that the milestones of speech, bipedalism, tool manufacture 
and use, and handedness interacted in a mutually reinforcing way during phylogeny to 
produce the extent of modern human cerebral asymmetry (Hellige, 1993). Against 
this, Hepper et al. (1998) argue that since handedness is seen at sub-cortical levels 
early in fetal ontogeny, a cortex-specific evolutionary mechanism is unlikely. 
2.2.5. Asymmetries in other animals 
There are also non-human asymmetries that could be precursors to the cerebral and 
behavioural laterality seen in humans (Corballis, 2009; Vallortigara & Rogers, 2005). 
For example, MacNeilage et al. (2009) argue that early in vertebrate phylogeny, the 
left hemisphere evolved to become dominant for routine behaviours (e.g. feeding) and 
that the higher levels of fine control required led to a dominant right hand. In a 
number of species, the left hemisphere appears to be responsible for serial processing 
of information, categorising stimuli, control of manipulatory tasks and considered 
decision-making. Further, the right hemisphere appears to take priority in processing 
intense emotions, the control of rapid responses and spatial functions (Rogers, 2004). 
 
Asymmetries have also been observed in the nervous systems and behaviour of 
invertebrates (Frasnelli et al., 2012). For example, in honeybees, olfactory learning 
through the right antenna is superior to the left side (Letzkus et al., 2006). Further, 
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octopuses demonstrate a preferential use of posterior compared to anterior arms when 
walking (Mather, 1998). Vallortigara and Rogers (2005) argue that lateralisation is an 
evolutionarily conserved way of organising the brain that occurred during phylogeny 
in a homologous way, i.e. from a common ancestry, dating to perhaps 500 million 
years ago. Human lateralisation may thus be an embodiment of these existing general 
principles. 
 
As noted above, however, the extent of these population-level asymmetries in other 
animals is rarely as large as that seen in humans. In addition, their existence may not 
represent a continuity between humans and animals. The brain and behavioural 
asymmetries seen in humans and other vertebrates potentially result from homoplasy 
(convergent evolution) as opposed to homologous processes or common ancestry 
(McManus, 2002). Vallortigara and Rogers (2005) have proposed that individual brain 
lateralisation occurred first during phylogeny, and alignment at the population level 
then followed via an evolutionarily stable strategy. Levy (1977) puts forward a similar 
view – that asymmetry came first, then variations in the degree of asymmetry 
occurred in response to different selective pressures.  
2.3. Ontogeny (Development) - How does the trait develop in individuals? 
 
Human and animal development involve the elaborate coordination of multiple 
functional networks within a framework of time-sensitive restrictions (Denenberg, 
2000). Examination of when cerebral lateralisation and asymmetrical motor 
behaviours emerge in development has been undertaken in an attempt to answer 
questions regarding the origin of functional asymmetries. Is the cerebral cortex 
functionally lateralised at birth, and remains so in a uniform manner until adulthood, 
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or do lateral biases emerge as a result of maturational processes? Answers to these 
questions can indicate whether and to what extent asymmetries may be biologically 
determined or malleable dependent upon experience (Gentry & Gabbard, 1995). 
2.3.1. Genetic influences 
Although left- and right-handedness runs in families, they do not fulfil the normal 
rules of simple Mendelian inheritance. Two right-handed parents may have some left-
handed offspring while two left-handed parents will have mostly right-handed 
offspring (McManus et al., 2013). Further, monozygotic twins demonstrate discordant 
handedness in around 20% of cases (Annett, 2009). 
 
A number of single locus genetic models of cerebral dominance have been proposed, 
with those of McManus (1991) and Annett (2002) remaining prominent over many 
years of debate. In each case, the proposed gene is assumed to exert a pleiotropic 
influence independently on cerebral dominance, language lateralisation and 
handedness. These models also assume that genes do not code directly for left-
handedness, rather the presence or absence of a specific allele modifies the chance of 
an individual being left-handed (Porac, 2016).  
 
Data from Annett (2006) indicates that handedness should be defined as the relative 
proficiency of both hands, and viewed as a continuous variable. Based on tests of 
relative hand skill, Annett (2002) proposed that manual preference, as measured by 
right- minus left-hand skill, is represented by a binomial distribution. The RS+ allele 
is dominant for left hemisphere speech representation, and causes a rightward 
displacement of the distribution in relative hand skill as a byproduct. The RS- allele 
has a neutral effect on lateralisation, with chance factors then influencing asymmetry 
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in cerebral dominance. Annett (2002) hypothesises that there is a balanced 
polymorphism with heterozygotic advantage. One implication is that RS++ genotypes 
may be less likely to excel in sports that require skilful control of both sides of the 
body.  
 
McManus (2002) outlined a similar representation, however he proposed a single 
gene, two allele model based on the assumption that handedness is dichotomous and 
results from preference. One allele predisposes individuals to right-handedness 
(Dextral or D allele), with the other allele having a random influence on handedness 
(Chance or C allele). The two alleles have an additive effect: individuals with a DD 
genotype are all right-handed, 75% of CD individuals are right-handed, and CC 
individuals are divided 50/50 between right-handed and left-handed as a result of 
fluctuating asymmetry. As with the model of Annett (2002), heterozygotes (DC 
genotypes) are assumed to have greater fitness.  
 
Data from analyses of handedness within families fit quite closely with the proportion 
of right- and left-handers predicted by these genetic models, and also explain how 
language can be lateralised in the hemisphere ipsilateral to the preferred hand in some 
individuals (Annett, 2009). However, since association studies suggest that no single 
gene accounts for variation in handedness, McManus et al. (2013) have reformulated 
the model to reflect a multiple loci approach. 
 
In another model, Klar (2003) categorised individuals as non-right-handers if they 
used their left hand on any one of 10 preference items (including writing). Only a 
consistent dextral bias on all 10 items produced a right-handed classification. Klar 
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(2003) associated handedness with the development of scalp hair whorl rotation, a 
biologically determined feature. While almost all right-handers exhibit a clockwise 
pattern of rotation, non-right-handers show a random pattern. Almost half of 
individuals with an anticlockwise rotation are left handers. Klar (2003) stated that this 
"unequivocally indicates a "nature" explanation in specifying handedness" (p. 270). 
 
Crow (2010) developed a theory of the genetics of cerebral asymmetry, proposing that 
a reduction in the degree of lateralisation ("hemispheric indecision") leads to a 
reduction in cognitive abilities, including verbal abilities. Crow argues that errors in 
genetic signalling that influence handedness also cause issues with language. Whereas 
McManus (1991) and Annett (2002) assume an autosomal location (with a sex-linked 
modifier gene that explains the difference in handedness between males and 
females2), Crow further argues that the gene is located on a sex-specific region of 
homology between the X and Y chromosomes.  
 
As with other features of laterality research, the scenario above demonstrates that 
little agreement has been reached on the genetics of human handedness. Adding 
another perspective to this debate, Fagard (2013) reviewed the number of influences 
on development of handedness in utero and following birth, and questioned whether 
the complex set of structural and behavioural features involved in cerebral 
lateralisation, language and side preference could be determined by a single gene.  
 
Even when genetic variation is minimised experimentally in non-human animals, 
manipulation of early life experiences still creates stable individual differences, for 
                                                
2 Males are around 20% more likely to be left-handed than females (Porac, 2016) 
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example in emotional reactivity and exploratory behaviour (Denenberg, 2000). 
Research in rats and chicks shows that the genetic substrate for laterality must be 
acted upon by an appropriate set of correctly timed stimuli to develop a lateralised 
brain (Denenberg, 2000). Handled rats develop brain asymmetries that differ from 
non-handled ones, while light stimulation to the left eye in the days prior to hatching 
reversed the normal pattern of behavioural lateralisation found in a baby chick 
(Denenberg, 2000). This suggests that any genetic influence on cerebral lateralisation 
and behavioural asymmetry must interact in a complex way with environmental 
stimulation. 
2.3.2. Developmental processes 
Physical and functional changes occur rapidly in early infancy, with growth in brain 
and body size and an increase in motor and manual skills, as well as the development 
of speech and language. Consistent lateralisation of function does not occur until well 
after birth (Trevarthen, 1978). Studying the ontogeny of cerebral and manual 
asymmetries seen in adults may provide clues to the source of these phenomena 
(Springer & Deutsch, 1998). 
(a) Cerebral lateralisation: 
The lateralisation of language occurs progressively, beginning at around three years of 
age and finishing at around the age of 10 years (Trevarthen, 1978). In the 1960s, 
Lenneberg proposed that lateralisation of function in the brain was not complete until 
puberty. This was based on observations that the impact of brain injury occurring in 
the first two years of life was similar whether the location of damage was the left or 
right hemisphere, but when left-hemisphere injuries occurred after the onset of 
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speech, there was double the incidence of speech pathologies compared to right-
hemisphere injuries (Springer & Deutsch, 1998). 
 
Other interpretations of the same data, however, concluded that lateralisation of 
language is complete at birth, on the basis that the incidence of aphasia from right-
sided lesions had probably been overstated by Lenneberg because of the impact of 
infectious diseases on cerebral pathology (Springer & Deutsch, 1998). In addition, 
evidence from the examination of cerebral activity related to the processing of verbal 
and non-verbal sounds indicates early infant asymmetries for language function that 
are inconsistent with the notion of hemispheric equipotentiality (Molfese & Molfese, 
1983). Nevertheless, this latter interpretation is not inconsistent with findings that the 
right hemisphere can still take on language function after early left hemisphere injury 
(Springer & Deutsch, 1998). If hemispherectomy is performed in early infancy, 
apparent full recovery of higher cognitive abilities can occur, including speech. When 
the operation is performed on adults, however, the loss of the left hemisphere results 
in aphasia that does not recover to any significant degree (Springer & Deutsch, 1998). 
(b) Motor asymmetries: 
Motor asymmetries observed in early infants have been associated with, and even 
seen as precursors to, the later development of handedness (Provins, 2012). 
 
In utero:  
Unimanual movements are observed in the foetus at between eight and 10 weeks, with 
more movements of the right arm compared to left (Hepper et al., 1998). Since the 
corticospinal tract reaches the spinal cord at about 24 weeks (Fagard, 2013), this 
indicates that sub-cortical regions of the CNS may be partly responsible for 
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handedness, and that handedness is not solely related to language and the cortex (i.e. 
cerebral torque). There is subsequently more sucking of the right thumb compared to 
the left at 15 weeks. Potentially this is partly due to an asymmetric neuromotor system 
(Fagard, 2013). Initial asymmetries may then act as the seeds for further lateralisation 
of function (Hellige, 1993). Furthermore, intrinsic factors of the mother become 
environmental factors for the foetus that are then reinforced in the period soon after 
birth (Fagard, 2013). Postural asymmetry may also reinforce an already existing slight 
manual asymmetry. These postural asymmetries include the foetus lying to one side of 
the mother, as well as the orientation of the foetal head (Fagard, 2013) 
 
Post-natal and infancy: 
In neonates, the left side of the corticospinal tract is larger, decussates higher and 
shows more advanced maturation than the right side (Fagard, 2013). Before the age of 
6 months, however, there is little consistent asymmetry in reaching or grasping 
despite the asymmetries observed in utero (Provins, 2012).  
 
Childhood: 
Gentry and Gabbard (1995) collected hand and foot preference data from males and 
females aged 4, 8, 11, 16 and 20 years old. The preferred foot was defined as that used 
for manipulating an object, kicking a ball or the leading leg when stepping. The 
youngest age groups (4 and 8 year olds) differed from the older age groups in that 
they were less right-footed and more mixed-footed. Across all age groups, there was a 
greater proportion of right-handers compared to right-footers, and a lower proportion 
of mixed-handers compared to mixed-footers. These results highlight the impact of 
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development or practice on footedness, as well as the fact that footedness is 
potentially less susceptible to societal forces driving right sided usage. 
 
Gabbard and Iteya (1996) reviewed research that had used a trichotomous rating of 
foot preference (i.e. left, right and mixed-footed). In children, only 60% reported a 
right-foot preference whereas 80% reported a right-hand preference. Also, 33% 
reported no consistent preference in foot use (i.e. mixed-footed) whereas mixed 
handedness was only at a rate of 14%. Left-sidedness proportions for hands and feet 
were similar. The proportion of mixed footedness then dropped in adolescents and 
adults, to around 18%. 
 
Although relative hand and foot skill typically develop towards greater asymmetry 
when measured on skill-dependent unilateral tasks, a bilateral task (walking) indicated 
a pattern of increased symmetry between the two legs (Pedersen & Vereijken, 2003), 
demonstrating the practice-related potential for modifying asymmetries. 
 
Adulthood: 
Individuals place an increased reliance on using their preferred hand with age (Bryden 
et al., 2011). 
2.3.3. Environmental and social influences 
Bichat (an anti-locationist) in the early 1800s believed that right-handedness in 
humans resulted from social habits, particularly the direction the pen (and hand) 
moves in writing. The volume and consistency of manipulative actions performed by 
humans, favouring specialisation, may have been a strong influence on the 
development of predominant right-handedness (Pedersen & Vereijken, 2003). 
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Lateralisation may be enhanced or modulated in a baby by the carrying behaviour of 
the mother. Mothers may influence the lateralisation of their baby by carrying on the 
left-hand side, or carry them on that side due to the baby's already-developed lateral 
head-turning behaviour. However, this represents one way where lateralised behaviour 
between interacting individuals might affect the behaviour of each one (Harris & 
Almerigi, 2005).  
 
Provins (1997b) argues strongly that early life experience can have significant effects 
on manual asymmetry as well as brain asymmetry. This is not necessarily inconsistent 
with the view that populations develop and evolve lateralised behaviour. On the other 
hand, Corballis (2009) argues there are too many asymmetries in humans and non-
humans to simply be explained by environmental influences. It is unlikely that 
handedness reflects a simple dichotomy between genetics and the environment 
(Sainburg, 2010). 
2.3.4. Summary and conclusion 
The ability of individuals and species to adapt to changing environments depends 
upon variability in experience during development (Denenberg, 2000). Early 
experiences in human development are likely to impact lateralisation - these are very 
difficult to precisely control for experimentally (Vallortigara, 2006). Lateralisation 
appears to be the general plan for neural processes and some motor behaviours, but 
the determination of what processes are lateralised, in what direction and how 
strongly, is likely to vary dependent upon time-sensitive ontogenetic experiences 
(Rogers et al., 2013). The existence of lateral performance differences can therefore 
be seen as a consequence of the interaction of any initial asymmetries, subsequent 
  35 
environmental pressures towards greater asymmetry or symmetry, and practice 
(Pedersen & Vereijken, 2003). This implies that from a functional perspective, there is 
significant potential for influencing motor asymmetries through practice.  
2.4. Mechanism (Causation) - Description of the trait’s anatomy, physiology, 
regulation and how the trait works to accomplish a function 
2.4.1. Description 
(a) Measurement of handedness 
One behavioural manifestation of cerebral lateralisation in humans is the preferential 
use of one side of the body in skilled movement tasks, most obviously seen in hand 
use (Rogers et al., 2013). This preference is seen at an individual level, and the 
species as whole has shown a population preference for the right hand that has been 
dated to at least 2 million years ago (Steele, 2000), and possibly up to 4 million years 
ago (Hopkins & Rönnqvist, 1998). Typical rates of left-handedness in western 
societies are around 10-12% (McManus, 2009). While there is some geographical 
variation due to cultural pressures as well from differences in measuring and defining 
the polymorphism, a significant majority of right-handers in comparison to left-
handers has been reported in almost all cultures and also historically (Faurie et al., 
2005; Kushner, 2013).  
 
Handedness is the consistent use of one hand on simple and familiar tasks. Manual 
specialisation is consistent lateralised use on more complex, less practised tasks 
(Young et al., 1983). Multiple tasks and multiple methodologies have been used to 
determine handedness (McManus, 2005). It is typically assessed using preference 
measures, either via questionnaires or observation of behaviour. The results from hand 
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preference questionnaires correlate to the actual hand use observed in individuals 
(Steenhuis & Bryden, 1999). However, questionnaire responses can be affected by 
subjective bias regarding the meaning of questions as well as by possible reporting 
inaccuracies, because of the difficulty in recalling accurately whether specific tasks 
are undertaken on one side or the other (Bryden et al., 2011). Moreover, since 
assessments of hand preference and hand proficiency are not perfectly correlated, it is 
also unclear whether they measure the same underlying process or different 
dimensions of handedness (Bishop, 1989; Porac & Coren, 1981). 
 
Most studies consider handedness to be a discrete or categorical variable, and 
therefore individuals are classified as right-handed, left-handed and perhaps mixed-
handed. This results in handedness being reflected as a J-shaped distribution. 
However, based on analyses of differences between the two hands in performance, it 
has been proposed that handedness should be regarded as a continuous variable 
(Annett, 2002). By this account, handedness follows a binomial distribution, shifted to 
the right. The classification of individuals into discrete handedness groups, or along a 
continuum of handedness, therefore influences how studies are conducted and 
analysed. 
(b) Measurement issues - impact of task type and task complexity 
Environmental factors have a role in influencing hand preference. The degree of 
lateralisation is a function of task complexity. For example, unimanual tasks involving 
complex coordination tend to be made using the preferred hand more often than 
simple, gross motor tasks (Bryden, 2016). The end-goal requirement of the task also 
affects hand selection, as does the intent behind the action and an object's 
characteristics (Bryden & Huszczynski, 2011). Many hand performance tests have 
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used unimanual tasks to contrast the capability of one hand with the other. However, 
daily tasks are often bimanual and these demonstrate that specialised roles may exist 
for each hand (Guiard, 1987). 
 
There are also differences in the manual behaviours exhibited by individuals with a 
right- and left-hand preference for skilled activities. For example, left-handers switch 
to use their non-preferred hand in contralateral space more readily then right-handers 
(Bryden, 2016). Overall, non-right-handers appear to be less of a homogenous group 
than right-handers. They do indicate an alternative cerebral organisation however. In 
summary, therefore, handedness is best viewed as a complex and multidimensional 
trait (Hopkins & Rönnqvist, 1998).  
(c) Footedness 
Like handedness, footedness has been assessed via questionnaire as well as 
performance tests. Unique functional characteristics of the legs and feet require a 
specific definition of foot dominance (Gabbard & Hart, 1996). For example, most 
behaviours or actions are bilateral in nature – one leg stabilises the body while the 
other leg mobilises or manipulates an object. Peters (1988) defined the dominant foot 
as the one used to mobilise, i.e. interact with an object or to lead out when stepping. 
The other foot then provides a stabilisation role, allowing the dominant foot to 
function. Peters (1988) believed that kicking provided as "compelling a choice as 
handwriting in determining functional sidedness". For unilateral tasks such as 
hopping, however, the definition is more questionable (Gabbard & Hart, 1996). 
 
Dynamic lower limb tasks such as kicking also involve roles for the upper limbs in 
stabilising and coordinating whole-body movement (Ball, 2011). MacNeilage (2006), 
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in his postural origins theory of primate asymmetries, saw the bilateral function of the 
feet as critical elements in the evolution of lateralised behaviour. The lower limbs can 
therefore undertake the role of stability, mobility or bilateral stability/mobility 
(Gabbard & Hart, 1996). Single leg tasks such as hopping and balancing may lead to 
greater mixed footedness tendencies. The demands of mobility and stability should 
therefore be considered when defining foot dominance for that specific task. 
2.4.2. Anatomy & physiology 
(a) Anatomy 
The brain is made up of two hemispheres that upon initial inspection appear identical 
mirror images of each other. Closer examination, however, reveals a counterclockwise 
torque (petalia), with the parieto-occipital region of the left hemisphere extending past 
that of the right, and the frontal region of the right hemisphere extending beyond that 
of the left (Harrison, 2015). The hemispheres are joined by a mass of neurons 
(commissures), the largest of which is the corpus callosum (Gazzaniga, 1998). 
Examination of different functions within parts of the brain has been made by 
investigating individuals with unilateral brain injury, stroke victims, split-brain 
patients and more recently using brain scanning techniques such as functional 
magnetic resonance imaging or transcranial Doppler ultrasonography (Haaland & 
Harrington, 1996; Knecht et al., 2000; Schaefer et al., 2007). 
(b) Cerebral lateralisation, language and motor skill 
Language functions are impaired in specific ways according to the type of brain injury 
suffered (Deacon, 1998). Although Marc Dax located the lateralisation of language in 
the left hemisphere in 1836 (Hervé et al., 2013), neuropsychology in the first half of 
the 18th century focused on arguments between localisationist theories such as 
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phrenology, and anti-localisationists who thought the whole brain functioned together 
when performing any role (Harris, 1999). Phrenology held that domain-specific 
psychological abilities (e.g. wisdom, speech, courage) were localised in distinct parts 
of the brain and crucially that both hemispheres contained a copy of each function 
(i.e. there was no lateralisation). A more anatomically dubious claim was that external 
measurement of an individual's skull could reveal their psychological profile. It was 
not until the 1860s that behavioural asymmetries began to be explained by the novel 
hypothesis that the two sides of the brain may function differently (Allen, 1983).  
 
Paul Broca was a locationist with respect to cortical organisation who worked in the 
early 1860s. The post-mortem reports of his first two aphasic patients, who also 
suffered with hemiplegia, mentioned only the frontal positioning of the brain lesion, 
not that they were located laterally to the left (Harris, 1999). It was not until further 
evidence emerged of the importance of the lower portion of the left frontal cortex in 
generating speech that Broca made the statement "Nous parlons avec l'hemisphere 
gauche" 3  in 1865 (Harris, 1999; Springer & Deutsch, 1998). However, Broca's 
conclusion was that difficulty with generating speech resulted from a loss of language 
memory, not from any motor deficit (Harris, 1999). It was believed at the time that 
motor function was controlled only from a subcortical location, and this led Broca to 
attribute the hemiplegia seen in his patients to the proximity of language and motor 
regions.  
 
The primary motor cortex of each hemisphere controls most aspects of voluntary 
movement on the contralateral side of the body - i.e. the left motor cortex controls the 
                                                
3 “We speak with the left hemisphere” 
  40 
right arm, and vice versa (Gabbard & Hart, 1996). Based on this contralateral 
innovation, Broca deduced that right-handedness was located in the left hemisphere 
(and vice versa). This predicted that left-handers would have speech function 
asymmetrically represented in the right hemisphere. 
 
In 1874, Carl Wernicke reported the left posterior region of the first temporal gyrus as 
the location for comprehending speech, as well as writing. Patients with Wernicke's 
aphasia (a type of receptive aphasia) speak fluently but with defective comprehension, 
sometimes to the level of being meaningless (Springer & Deutsch, 1998). Their deficit 
is in connecting the sound of words to their meaning (Deacon, 1998). 
 
The hemisphere responsible for speech is also the one that usually controls a person's 
preferred hand, leading to consideration of the causal relationship between the two 
capacities (Springer & Deutsch, 1998). Based on the observation of left hemisphere 
damage, speech aphasia and right-side paralysis occurring in the same patients, 
handedness has been viewed as an artifact of language lateralisation and the neural 
efficiency that co-location would create (Sainburg, 2010). However, the cerebral 
location of language may only be incidental to the organisation of the brain, and not a 
cause of lateralisation (Deacon, 1998). 
 
Early theories of lateralisation therefore stated that the left hemisphere was 
"dominant" for language in right-handed individuals, and that the right hemisphere 
had no role. This led to a period where the left hemisphere received most scientific 
attention (Harris, 1999). 
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(c) Crossed aphasia 
An issue with Broca's theory was the observation that left-hemisphere damage also 
caused loss of speech function in some left-handers, i.e. damage of the brain 
ipsilateral to the dominant hand. While most right-handers have language represented 
in the left hemisphere, a smaller percentage of left-handers are right-hemisphere 
dominant for speech. This indicates an apparent independence in the cerebral location 
of hand preference and speech (Weinstein, 1978).  
 
Knecht et al. (2000) assessed handedness in healthy subjects with the Edinburgh 
Inventory (Oldfield, 1971) and used seven categories of handedness from "Strong 
right" to "Strong left". Using functional transcranial Doppler ultrasonography to 
measure cerebral blood flow in potential language areas (the middle cerebral arteries) 
during a word-generation task, they found that more strongly right–handed 
individuals had a relatively lower incidence of language dominance in the right 
hemisphere. In extreme left–handers, 27% of individuals had right–hemisphere 
language dominance, whereas in extreme right–handers, the rate was only 4%. This 
relationship between the degree of handedness and the direction of language 
lateralisation was almost linear. This study was novel in that it indicated a linear 
relationship rather than a categorical one between the two variables. Knecht et al. 
(2000) concluded that left-handedness is associated with right-hemisphere language 
dominance but that it is not a precondition for it. Multiple factors appear to exist in 
determining handedness and language lateralisation, some of which overlap in 
influencing each variable. There is also some plasticity to the representation of 
language in the brain, as demonstrated by the attainment of well-developed language 
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skills by patients undergoing left hemispherectomy early in childhood (Deacon, 
1998). 
(d) Split-brain patients 
The work of Sperry and Gazzaniga (see Gazzaniga, 2000; Sperry, 1982) with split-
brain patients (where the corpus callosum is severed to relieve symptoms of epilepsy) 
revealed the specialisation of the right hemisphere for manipulospatial tasks such as 
drawing or altering the spatial environment with the hands (Allen, 1983; Gazzaniga, 
1998; Sainburg, 2010). In addition, the right hemisphere is involved in 
comprehending the symbolic construction of a narrative as well as in interpreting the 
emotion implied by changes in rhythm of speech (Deacon, 1998). The split-brain 
studies also demonstrated individual variation in brain function and plasticity. For 
example, over a 13-year period post-surgery, one split-brain patient learnt to speak 
about images presented to both the left and right sides of their brain. 
 
More recent studies examining amodal perception of illusory contours with split-brain 
individuals demonstrate that the right brain can process some things better than the 
left. Since mice can apparently undertake amodal processing, it may be that certain 
visuospatial capacities were lost in the human left brain during competition for 
cortical space as language developed and specialised in the left hemisphere 
(Gazzaniga, 2000). 
(e) Motor deficits 
Observations of apraxic patients led Liepmann (1905) to formulate a model of 
hemispheric specialisation where the left hemisphere was dominant in controlling 
"purposeful" motor skills (Allen, 1983; Springer & Deutsch, 1998). Kimura (1973) 
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concluded from the results of a number of studies that the left hemisphere is 
specialised for some aspects of planning and organising movements, and that there is 
overlap between the motor control processes of oral and manual musculature 
(Kimura, 1982). 
 
Haaland et al. (2000) examined right-handed stroke victims with damage to the right 
or left hemisphere. Participants were defined as apraxic based on the number of errors 
made with movements. Only individuals with left hemisphere damage were then 
examined for the seat of apraxia due to the low numbers of right-hemisphere damaged 
apraxics. Imitation movements such as brushing the teeth were performed worst, with 
the frontal and parietal cortex both involved with these deficits. Differences between 
individuals with apraxia and those without in lesion location highlighted important 
parts of the cortex for movement. Haaland et al. (2000) showed that the frontoparietal 
region of the left hemisphere is important in controlling movements, and suggested 
the frontal and parietal cortex might have independent roles in movement execution. 
They concluded that the left hemisphere is dominant in complex movements, although 
the specific processes in the left hemisphere were unclear. 
(f) Ipsilateral motor control 
While motor deficits contralateral to the damaged hemisphere are greater, complex 
movement tasks demonstrate near-equivalent ipsilesional deficits. These are more 
common in damage to the left hemisphere compared to the right (in right-handers). 
The left hemisphere has been implicated in a specialised role for reaching, although 
the precise nature of the superiority is unclear (Haaland & Harrington, 1996).  
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Spatiotemporal deficits in gesture movements, and abnormalities in movement 
sequencing, are more common in left versus right-hemisphere damage. Functional 
MRI scans demonstrate that ipsilateral movements activate the left motor cortex more 
than the right. However, a confounding factor here is the possibility that mirror 
movements of the dominant hand may be responsible for the greater ipsilateral 
activation of the left hemisphere (Haaland & Harrington, 1996). 
 
Ipsilateral control of movement has been explained to result from (a) differential 
activation of the cortical areas in the left rather than right hemisphere involved in 
cognitive processes (Winstein & Pohl, 1995) and/or (b) activation of ipsilateral 
corticospinal pathways (Jakobson et al., 1994). Many of these studies have been 
undertaken with individuals following unilateral damage to the left hemisphere, 
however, and therefore the studies should be interpreted with some caution (Haaland 
& Harrington, 1996).  
 
Schaefer et al. (2007) compared right-handed stroke patients with a healthy right-
handed control group. Half the patients had damage to the left hemisphere and half to 
the right. All used the ipsilesional arm (i.e. their 'good' arm). The experimental task 
involved elbow movements that required 15° or 45° of elbow extension towards two 
targets. Movement time was longer for both left and right hemisphere damaged 
patients compared to the control group. Whilst left-hemisphere damaged patients were 
just as accurate as arm-matched controls, right-hemisphere damaged patients were 
significantly less accurate relative to the right arm of the control group. Left-
hemisphere damaged patients extended the duration of acceleration for the target 
requiring more movement whereas the right-hemisphere damaged individuals varied 
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the acceleration amplitude. Ipsilesional motor deficits are therefore dependent upon 
the side of the lesion. Right-hemisphere damaged individuals could not maintain final 
position accuracy in an elbow extension movement because of reduced modulation of 
acceleration duration, largely from decreased antagonist muscle activation. Combined 
with contralateral damage (i.e. to left arm movements), these individuals would 
therefore have issues with the control of a bimanual limb movement (Schaefer et al., 
2007). 
(g) Role for both hemispheres during movement 
Most work on motor performance differences between the left and right side has 
concluded that the dominant arm would show performance superiority over the non-
dominant in all aspects of motor control and execution. The functional integration 
between different specialised cortical areas has also been considered in attempting to 
determine how skilled movement tasks are controlled (Serrien et al., 2006).  
 
The role of each hand during manual and bimanual tasks has been examined from a 
number of perspectives. Research in Sainburg's laboratory initially studied healthy 
young right-handers and found differences between the two arms (hemispheres) in 
aspects of coordinating movements (Sainburg, 2002). The non-dominant arm 
appeared better at using joint torques to achieve stable positions. These differences 
have been demonstrated both between tasks (i.e. dominant arm advantages for some, 
non-dominant advantages for others) and within tasks (i.e. dominant arm advantages 
for some aspects of a bimanual task, non-dominant advantages for other aspects of 
that task). These studies have demonstrated lateralisation of control features in elbow 
movements. The dominant arm varies the initial torque, whereas the non-dominant 
arm varies torque duration. Sainburg (2002) proposed the Dynamic Dominance 
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Hypothesis of handedness. This states that the two hemispheres/limbs are specialised 
for complementary control mechanisms. In simple terms, one hand is specialised for 
movement, the other for positioning. The dominant arm is superior in controlling the 
trajectory of movements and responding to changes in force and torque, while the 
non-dominant arm is superior at stabilising and achieving steady-state positioning. 
This leads to the conclusion that there would be bilateral activation of the brain during 
unilateral movements. 
 
Complementing this view of differential hemispheric control mechanisms, Goble et 
al. (2009) found that left-handers demonstrated results in a proprioceptive matching 
task that mirrored those seen in right-handers, i.e. the non-preferred arm/hemisphere 
is superior to the preferred in proprioceptive matching. Goble et al. (2009) also 
proposed that the hand specialised for stabilising or holding an object becomes 
superior at processing proprioceptive feedback, and that this is use-dependent. A key 
aspect in determining arm selection may be an appraisal of the specialised control 
mechanisms required by the next task, i.e. stabilisation and use of proprioception 
versus skilled manipulation of an object (Bryden, 2016). 
(h) No single origin 
It can therefore be seen that the relationship between cerebral lateralisation and 
handedness is complex and remains unclear (Springer & Deutsch, 1998). Handedness 
has received most attention from researchers of lateralisation, on the assumption that 
one underlying process could explain all functional asymmetries (Porac & Coren, 
1981). Footedness may actually be a better predictor of language lateralisation than 
handedness, as suggested by observations using a dichotic listening test that ear 
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advantage varied with foot preference but not hand preference  (Elias & Bryden, 
1998). 
 
Is there a single origin for all lateralised behaviour? Results from Porac and Coren 
(1981) suggest not. Individuals tested on a number of different shape recognition and 
shape encoding tasks demonstrated no correlation of asymmetries between the tasks 
(Deason et al., 2005). There appear to be different causal mechanisms for different 
types of lateralised behaviour within an individual or alternatively, hemispheric 
asymmetries are independent. Porac and Coren (1981) concluded that right-
handedness may result from (or be correlated with) asymmetrical brain structure, 
whereas left-handedness is perhaps a consequence of a more symmetrical brain 
structure. 
2.4.3. Summary and conclusion 
Lateralisation is an organisational feature of the human nervous system as well as that 
of other vertebrates (Vallortigara & Rogers, 2005). Each hemisphere serves 
complementary functions rather than one being "dominant" (Gazzaniga, 2000). 
However, there is still little known about the biological mechanisms involved in 
cerebral lateralisation (McManus et al., 2013). Further, handedness (and/or 
footedness) is only one possible manifestation of cerebral lateralisation - behavioural 
preference does not necessarily follow (Vallortigara & Rogers, 2005). It is also not 
clear whether behavioural asymmetries such as handedness or footedness can be 
reversed through extensive training of the non-preferred side (Sainburg, 2010). 
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2.5. Laterality in sport 
Laterality is a variable that may mediate the development of sporting expertise as well 
as constrain and influence performance in particular settings (Loffing et al., 2010b). 
Laterality is manifested in sports in the choice of one side of the body in unilateral 
events such as tennis, and in the degree of use and relative performance of one side of 
the body in events that are seemingly bilateral, such as soccer and rugby. Within–
subject asymmetry has been demonstrated in kicking and passing, although elite 
soccer players are apparently able to perform well on both sides of the body when 
required. Interest in between–subject laterality has centred on the performance 
differences between individuals with left- and right-side motor preferences – 
specifically in relation to the question - do left-handers possess an innate superiority 
for sport skills compared to right-handers or do they benefit as a result of their relative 
unfamiliarity to other players? 
 
Corballis (2009) argues that the environment is unlikely to provide a strong 
evolutionary pressure for symmetric motor outputs, since individuals can rearrange 
their position in order to take advantage of any asymmetry. This is not necessarily the 
case however in team ball sports played on symmetrical playing arenas, since certain 
positions may necessitate the use of one side of the body in preference to the other for 
optimal execution of motor tasks. 
2.5.1. Preferred versus non-preferred-side performance  
Motor affordances for left-sided actions will likely be as frequent as those for right-
sided actions during a team game played on a symmetrical ground or court (Carey et 
al., 2009). However, in some positions on the playing area it can be advantageous to 
preferentially use one side of the body when executing motor skills. Examples include 
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kicking a soccer ball with the right foot when on the far right-side of the field, or 
performing lay-up shots with the left hand when on the left-side of the basketball 
court (Stöckel & Vater, 2014). Athletes should therefore be able to use both sides of 
their body equally well in sports such as basketball (Stöckel & Weigelt, 2012), rugby 
(Pavely et al., 2009), soccer (Coren, 1992), futsal (Barbieri et al., 2015) and AF 
(Parrington et al., 2015a). 
(a) Kicking - performance asymmetry 
Kicking with force and accuracy is a whole-body action that requires coordinated 
movement of the kicking leg (Dørge et al., 2002), dynamic balance on the non-
kicking leg (Teixeira et al., 2011) and use of the non-kicking-side arm to oppose 
angular momentum of the kicking leg (Bezodis et al., 2007). Well-executed punt kicks 
also involve the additional requirement of one-handed delivery of the ball to the 
kicking foot, which means using the hand on the side ipsilateral to the foot (Pavely et 
al., 2010). Despite the advantage of two-sided play, performance and movement 
differences have been demonstrated between the preferred and non-preferred legs in a 
number of studies of kicking. 
 
When kicking a stationary soccer ball for maximum speed, players achieve greater 
foot speed, superior contact with the ball, and higher ball velocity with the preferred 
compared to the non-preferred side (Dørge et al., 2002; Nunome et al., 2006; Sinclair 
et al., 2014). Sinclair et al. (2014) reported that the support foot was further away 
from the ball and the kicking foot was more externally rotated at impact on the non-
preferred compared to the preferred leg. These technique differences may have been 
employed to compensate for suboptimal intersegmental coordination on the non-
preferred side (Dørge et al., 2002; Sinclair et al., 2014). On the other hand, Nunome et 
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al. (2006) concluded that their participants executed well-coordinated movement 
patterns with both the preferred and non-preferred legs and that the faster leg swings 
seen on the preferred side were generated by more explosive knee muscle moments 
compared to the non-preferred leg.  
 
Differences in the specific demands of kicking tasks may influence performance 
asymmetry between the two legs. For example, university players were more accurate 
with the preferred compared to the non-preferred foot when kicking at targets in the 
upper part of a soccer goal, while targets in the lower part of goal induced no 
significant difference in accuracy between the two legs (Nagasawa et al., 2011). 
Likewise, whilst a low 'drive' kick over a distance of 35m induced differences in 
accuracy and ball velocity between the two legs, chip kicks into a target area between 
20m and 35m away were completed with a similar level of accuracy on the preferred 
and non-preferred side (McLean & Tumilty, 1993). Barbieri et al. (2015) investigated 
performance and kinematic differences in kicking a stationary compared to a moving 
ball. Although no interaction between task and kicking leg was observed in the main 
statistical analysis, calculation of a symmetry index for accuracy indicated that the 
more complex task of kicking a rolling ball produced greater asymmetry of 
performance between the two legs than kicking a stationary ball. It should be noted 
that none of the studies above examined professional players, and only 7 of the 84 
subjects in the above studies were left-footers. 
(b) Kicking - Impact of skill level on performance asymmetry 
Although asymmetrical motor skill performance is common, long-term practice such 
as that undertaken by professional athletes has the potential to shift an individual's 
strongly lateralised preference, as well as influence the degree of performance 
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asymmetry between each side of the body (Provins, 1997b; Teixeira et al., 2011). 
Grouios et al. (2002a) assessed the self-reported foot preference characteristics of a 
large sample of professional soccer players and non-playing university students. The 
proportion of individuals classified as mixed-footed was higher in the group of soccer 
players compared to the university students. This was interpreted as support for the 
benefit of bilateral foot use in soccer. However, no conclusion could be drawn on 
whether soccer training induced changes in preference, or if mixed-footedness was a 
feature of individual performance that was selected for at higher standards of 
competition. In a similar study examining the footedness of four groups (professional, 
semi-professional and amateur soccer players, and non-playing university students), it 
was argued that the higher rates of mixed-foot preference seen in professional and 
semi-professional players were due to the tactical advantages such mixed-foot 
preference conferred on these individuals (Grouios et al., 2002b). The proportion of 
left-footed players in these studies was higher at higher levels of competition, 
however no comment was made regarding the statistical significance for these trends 
(Grouios et al., 2002a; Grouios et al., 2002b). The most commonly-used foot 
preference instrument, the Waterloo Footedness Questionnaire, contains 10 questions, 
with half relating to mobilisation and half to stabilisation (Elias et al., 1998). Grouios 
et al. (2002b) did not comment on the magnitude of preference for these different 
features of footedness, so that stabilisation tasks could have led to the excess of mixed 
footedness in the high level players.  
 
In another study, Teixeira et al. (2011) showed that although there was no effect of 
expertise in altering the preferred leg for stabilising tasks, the self-reported side 
preference for soccer-specific mobilisation tasks of semi-professional soccer players 
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indicated that they had a lower unilateral bias than non-players. These findings add 
further support to a dynamic view of human sensorimotor lateralisation. In addition to 
collecting self-reported leg preference for stabilisation and mobilisation tasks, 
Teixeira et al. (2011) compared semi-professional soccer players and non-playing 
university students on measures of performance in static and dynamic balance 
exercises. The soccer players demonstrated superior overall performance in both static 
and dynamic balance tasks compared to non-players, suggesting a training effect that 
may extend to general balance skills. However, both groups demonstrated symmetry 
between their two legs in balance performance. This suggested that increased soccer 
expertise did not produce unilateral functional specialisation in stability skill. Finally, 
leg preference for stabilisation was not correlated with performance symmetry in the 
balance tasks, indicating a dissociation in these aspects of laterality. 
 
Research by Carey et al. (2001) has led to an important suggestion that performance 
and preference may in fact be independent. These authors have questioned the 
purportedly increasing proportion of high-level soccer players who actually use both 
feet with equal frequency during games. Analysis of all unipedal touches of the ball in 
World Cup, English Premier league and English league cup matches revealed that 
players were predominantly one-sided, using their preferred foot (75-80% were right-
footed, similar to the general population) around 85% of the time (Carey et al., 2009). 
This result is seemingly at odds with the assumption that bilateral competence is a 
requisite component of high-level soccer (Stöckel & Weigelt, 2012), but only if 
preference and performance are co-dependent. Using a binary measure of outcome, 
players appeared to be as competent with their non-preferred foot as the preferred 
side, suggesting a dissociation between performance and preference. Carey et al. 
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(2009) concluded that their data supported the notion of a lateralised praxis system for 
the selection of motor skills, located in the left hemisphere for the majority of 
individuals. In addition, Carey et al. (2009) obtained self-reported foot preferences 
from a large number of amateur soccer players. This indicated a higher level of 
mixed-footedness than demonstrated by the elite professional players, leading Carey 
et al. (2009) to doubt the accuracy of questionnaires for revealing true patterns of foot 
use. 
 
Oliveira and Sanders (2015) also proposed a neural mechanism as the source of lower 
limb motor asymmetries, concluding that their investigation of the eggbeater kick in 
water polo supported the existence of a predetermined functional cerebral asymmetry 
(Wada et al., 1975). The preferred leg demonstrated a more efficient pattern of muscle 
activation during its recovery phase, producing less negative force than the non-
preferred leg during this phase of the kicking cycle. This was attributed to 
hemispheric specialisations in controlling different features of task performance 
(Sainburg, 2002), specialisations that were not related to training, on the basis that 
each leg should in theory receive an equal opportunity for task-specific practice.  
(c) Upper body sport skills - performance asymmetry 
Sports requiring the execution of motor skills with the upper body also have been 
examined for evidence of performance asymmetries. Movements requiring ball 
handling, dribbling and passing, such as basketball (e.g. Stöckel and Weigelt (2012), 
punching a ball (e.g. Parrington et al. (2015a) or passing (e.g. Pavely et al. (2009), 
may require execution with either upper limb depending upon the context of a game. 
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According to the laws of rugby, passes must be thrown backwards or perpendicular to 
the direction a player is travelling with the ball in order to be legal. Team performance 
would therefore benefit from players able to distribute passes to the left and right with 
equal proficiency (Pavely et al., 2009). However, examination of  elite players 
highlighted differences in motor patterns when executing a pass towards the left (the 
preferred side for right-handers) compared to the right (Pavely et al., 2009). Players 
reacted more slowly when making passes to the non-preferred side, the ball travelled 
less distance and the passes were more often regarded as illegal than passes to the 
preferred side. Accessing the motor patterns took longer for non-preferred compared 
to preferred-side movements, with each side representing a different level of expertise 
within the same individual (Barbieri et al., 2015). 
 
Developing non-preferred-side throwing skill would represent a paradigm shift in the 
performance boundaries of cricketers (Phillips et al., 2010). On this basis, Sachlikidis 
and Salter (2007) analysed kinematic asymmetries between the two arms in throws for 
speed and accuracy. Non-preferred-side throws were less accurate and generated 
lower ball speed, as well as being characterised by reduced hip flexion, a shorter final 
stride and a longer arm-cocking phase in comparison to the preferred arm. A less 
proficient sequencing of rotation in the pelvis and upper torso was also observed on 
the non-preferred side.  
 
Similarly, during a seated throwing task where trunk and lower limb movements were 
eliminated, the preferred (right) arm produced more accurate and less variable throws 
than the non-preferred side (Hore et al., 1996). This asymmetry was attributed to 
greater variability in the timing of finger extension relative to movements of proximal 
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joints in the non-preferred arm, resulting from differential practice or intrinsic 
hemispheric specialisations. The left hemisphere may have a privileged role in the 
timing and sequencing of motor actions (Watson & Kimura, 1989), leading to inferior 
timing of distal muscles in the left hand that are under primary control of the right 
hemisphere. 
 
It should be noted that the issues related to laterality in sporting movements must be 
considered from a whole-body perspective. Kicking and hand-passing in various 
sports involve the integration of movements in the upper and lower limbs, as well as 
those on each side. For example, efficient posture when executing complex motor 
tasks in sport requires not only coordination of movements in the limb being used 
(e.g. the kicking leg), but also counterbalancing movements from the side 
contralateral to that limb (MacNeilage, 2006). In a sample of five rugby players, the 
two most accurate kickers demonstrated greater rotation of the non-kicking-side arm 
in order to oppose angular momentum in the kicking leg (Bezodis et al., 2007). 
Similarly, a punt kick requires proficient timing of ball release from the hand 
ipsilateral to the kicking leg (Ball, 2008). However, when kicking on the non-
preferred side, first-grade rugby players were more likely to use bilateral or 
contralateral hand delivery compared to the preferred side, a method that was 
associated with reduced kicking distance (Pavely et al., 2010). 
(d) Upper body sport skills - Impact of skill level on performance asymmetry 
Sport-specific hand performance and preference have been examined in a number of 
sports, as have possible shifts in daily handedness amongst groups of elite athletes. In 
basketball, unlike the analysis of soccer matches outlined above (Carey et al., 2009; 
Carey et al., 2001), progressively higher levels of competitive play are associated with 
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a stepwise reduction in the proportion of touches with the dominant hand, while the 
rate of use of the non-dominant hand increases (Stöckel & Weigelt, 2012). This 
plasticity in use is also reflected in a higher level of skill in the non-dominant hand of 
professional players compared to amateurs, as well as by symmetry in performance 
between the two hands of professionals, whilst amateurs have a lower rate of success 
with the non-dominant compared to the dominant side (Stöckel & Weigelt, 2012). 
These results support a dynamic view of handedness, determined by use-dependent 
modifications in response to task demands (Porac, 1995). Further, appropriate use of 
the preferred or non-preferred hand as a result of situational demands appears to be 
one component of higher level performance within the domain of basketball 
(Eastwood, 1972). Professional players, for example, still exhibited exclusive use of 
their dominant hand for free throws and throws from a distance of more than 1 metre, 
and still used their dominant hand for up to 75% of all ball contacts (Eastwood, 1972). 
 
To investigate direction of causality for this effect, Stöckel and Vater (2014) collected 
self-reported hand preference data from a sample of high-level basketball players. 
Hand preference for everyday activities as measured by the Edinburgh Handedness 
Inventory (EHI; Oldfield, 1971) revealed a reduced right-hand bias compared to the 
general population as well as an overrepresentation of mixed-handers. A separate 
questionnaire for lateral preference in basketball activities revealed that the mixed-
handers (based on EHI scores) reported more symmetry in hand use across all 
basketball skills. Self-reported practice on the non-preferred side appeared to produce 
skill-specific adaptations that did not generalise to everyday handedness or across all 
basketball skills. Unlike Stöckel and Weigelt (2012), the authors concluded that 
individuals with more symmetry in hand use have a selection advantage in higher 
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levels of basketball competition, and further that hand preference is a hard-wired trait 
derived from functional cerebral asymmetries (Stöckel & Vater, 2014). 
2.5.2. Right-handers/footers vs left-handers/footers 
Amongst the general population, there is a lower frequency of left-handers or left-
footers, yet a relative overrepresentation occurs in several elite sport contexts 
(Raymond et al., 1996). Possible differences in the performance capabilities of left- 
and right-side preferring individuals have been inferred from studying them, leading 
to divergent conclusions (Loffing & Hagemann, 2012). 
(a) Perceptual-motor skill superiority of left-handers (i.e. the innate superiority 
hypothesis) 
Cameron and Adams (2003) found that left-footed AF players were better than right-
footers with their dominant leg in a movement discrimination task, and proposed 
greater performance potential for tasks involving spatial processing. A possible central 
motor advantage for left-handed individuals in fencing has also been hypothesised to 
provide a performance advantage over right-sided players (Bisiacchi et al., 1985). 
Further, Dane and Erzurumluoglu (2003) demonstrated that left-handed handball 
players out-performed right-handers in a visuomotor task. A superiority in the right 
hemisphere of left-handers was inferred from these results. 
 
Between 1968 and 1999 there were two to five times as many left-handed compared 
to right-handed tennis players in the world number one position, as well as in the 
world top 10 (Holtzen, 2000). Similarly, Bisiacchi et al. (1985) found that the rate of 
left-hand foil use increased in the latter stages of the 1982 world fencing 
championship. Holtzen (2000) speculated that left-handers possess a biological 
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predisposition for visuospatial and visuomotor tasks and compared to right-handers, 
may also respond to an episode of practice with greater training-induced adaptations. 
However, by longitudinally tracking handedness frequencies in elite tennis players, 
Loffing et al. (2012a) demonstrated that playing left-handed does not facilitate the 
achievement of an exceptional world ranking in modern tennis. This evidence 
challenges the notion that left-handers possess a biologically determined innate 
superiority over right-handers (Loffing et al., 2012a). 
 
Support for the notion of possible neurological differences in left-handers can also be 
derived from Annett's right-shift theory (Annett, 1985), which suggests that the RS+ 
gene is an agent of left-hemisphere advantage (and hence right-hemisphere 
disadvantage), thereby increasing the probability of right-handedness. One conclusion 
of this theory is that an absence or reduction in left-handers of the RS - - and RS + - 
genotypes that confer this right hemisphere deficit might increase their relative ability 
to perform fine motor tasks with both hands, thus increasing the proportion of left-
handers in sporting domains relative to right-handers. 
(b) Perceptual and tactical advantages of left-handers (i.e. the frequency-dependent 
hypothesis) 
The significance of movements associated with laterality, and the ability to identify 
and respond to it, is evident in many sporting contexts whether individual, e.g. tennis 
(Loffing et al., 2010a), combative (e.g. boxing - Grouios et al. (2000); Raymond et al. 
(1996)) or team-based (e.g. AF or soccer). When faced with less frequent left-handed 
opponents, a compromised ability to anticipate shot outcome has been observed in 
tennis (Hagemann, 2009), handball goalkeeping (Schorer et al., 2012) and volleyball 
(Loffing et al., 2012b). Similarly in team sports, Baumann et al. (2011) for example, 
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identified that 76% of left-footed penalties were successful compared to 72% of right-
footed in the German Bundesliga between 1995-2007. The benefit for left-
handers/footers has collectively been termed the negative frequency-dependent 
advantage hypothesis (Raymond et al., 1996), which suggests that performance 
advantages gained from perceptual-cognitive experience are dependent upon the 
frequency and similarity of the movements and actions being observed and analysed 
(Loffing et al., 2015). 
 
While interactive sports could confer an advantage to players with a left-hand 
preference because they are encountered less frequently by opposing players 
(Grouios, 2004; Hagemann, 2009; Loffing & Hagemann, 2012), whether this left-side 
advantage extends to team sports involving kicking remains unclear. Based on an 
analysis of nine games from the 1998 World Cup, Carey et al. (2001) suggested that 
the proportion of elite soccer players with a left-foot preference is similar to the 
general population. Conversely, Verbeek et al. (2017) recently reported that 31% of 
players selected in Dutch national youth soccer teams over a 5-year period were left-
footed. However, any negative frequency-dependent selection effect may vary 
dependent on the particular football code.  
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Chapter 3:  Study 1: Foot and hand use in professional Australian footballers 
during the 2015 AF Season 
3.1. Abstract 
 
Side preference for executing AF handballs and kicks within a group of professional 
AF players was examined from footage of games in progress. Irrespective of whether 
they were right-handed or left-handed, players used their hands in handballing with 
significantly less side asymmetry than their feet in kicking. This effect was observed 
to a greater degree for players from mid-field positions. These data suggest that the 
demands of the game can overcome lateral preference and players can achieve more 
bilateral performance. Currently, however, these demands are met for handballing but 
not for kicking, which remains highly lateralised. The findings carry clear 
implications for training more symmetric lower limb use. 
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3.2. Introduction 
Compared to novices, experts in sport demonstrate increased speed, accuracy and 
stability of domain-specific movement patterns, with reduced levels of random 
variability (Carson & Collins, 2014). The movements of experts are quantitatively and 
qualitatively superior in comparison to less skilled athletes and more adaptable in 
changing performance environments (Abernethy et al., 1994). Elite sports players 
exploit the abundance and degeneracy of neurobiological systems to achieve adaptive 
and optimal solutions to dynamic environmental and situational demands (Chow et 
al., 2008; Wu & Latash, 2014). This range of movement possibilities (Seifert & 
Davids, 2012) allows experts to exploit the array of information and affordances for 
action within their sporting environment (Davids et al., 2015). 
 
Sports such as soccer, rugby and AF are played on symmetrical pitches (Eastwood, 
1972). The lateralised features of contexts within these games are an environmental 
constraint impinging on players’ performance (Stöckel & Carey, 2016). Examples of 
this are the side from which a player is receiving the ball, the direction to which they 
are trying to pass (right or left) and the side of the ground on which the player is 
located (Bale & Scholes, 1986). An individual’s side preference for motor skills and 
the degree of performance asymmetry between the preferred and non-preferred sides, 
are intrinsic dynamics that interact with features of the environment to further 
constrain behaviour (Seifert et al., 2013). 
 
Preferentially using one side of a bilateral body for specified motor tasks is a common 
feature of animal behaviour (Wiper, 2017). In humans, this unilateral bias is 
evidenced both within individuals, as their preferred hand or foot for dextrous 
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activities, and between individuals, with most of the population preferring to use the 
right hand or foot (Porac, 2016). The nature of the specific movement influences the 
degree of asymmetry, with more complex tasks typically eliciting stronger unilateral 
preferences (Bryden, 2000). Similarly, the probability that one side will be preferred 
for an action is related to the relative proficiency between the two sides (Bishop, 
1989). Indeed, intra-individual differences in skill proficiency or expertise are 
represented by the preferred and non-preferred side (Beilock et al., 2002; Newell & 
Van Emmerik, 1989). Compared to the preferred side, when performing with the non-
preferred side the expert individual functions as a novice, both physically and 
cognitively (Beilock et al., 2002). An individual’s movements are influenced by 
potentially competing forces: on one hand, the evolutionary advantage of plasticity 
and flexibility in behaviour (Chow et al., 2008); on the other, the evolutionary depth 
of asymmetrical movement patterns (Corballis, 2017).  
 
Sporting experts practise domain-specific motor skills through progressive stages of 
their career in order to maintain, refine and modify existing perceptual-motor 
behaviours and techniques (Carson et al., 2016; Starkes et al., 2004). Lateralised 
practice can alter the performance of the non-preferred side and give greater 
equivalence with the preferred (Haaland & Hoff, 2003), although whether this 
equivalence leads to corresponding changes in use during matches is as yet unknown. 
A reduction of right-side bias in basketball has been reported at increasing levels of 
performance of skills specific to particular game contexts (Stöckel & Weigelt, 2012). 
Although it has been asserted that a progressively higher proportion of mixed-footed 
players are seen at more advanced levels of soccer (Grouios et al., 2002b), Carey et al. 
(2001) demonstrated that even in elite professional soccer, right-foot bias is still 
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evident for kicks executed during games. This effect was apparent despite similarities 
in performance capability between the two sides (Carey et al., 2009).  
 
Successful team performance in AF relies on passing the ball accurately between 
players, by using either the upper or lower limbs. Kinematic differences between the 
preferred and non-preferred side have been reported for AF handballing (Parrington et 
al., 2015a) and kicking (Ball, 2011). However, it is unclear how these asymmetries 
relate to limb use during games. Increased bilateral use of the body when executing 
kicking and handball movements is one aspect of a more functional relationship 
between the athlete and AF game environment that is encouraged by coaches 
(Parrington & Ball, 2016), but behavioural data of usage must first be examined to 
determine whether such increased bilateralism is manifested during games. Match 
analysis is a tool that provides objective and accurate data to allow coaches to make 
informed judgements as to how to structure practice aimed at instigating specific 
changes in performance (Hughes & Franks, 2007). Training scenarios can then be 
devised that mimic the demands of game play and enable motor and perceptual skill 
transfer (Farrow & Robertson, 2017). 
 
AF game rules specify that players may take up to 15-seconds to dispose of the ball 
without being tackled following a ‘mark’ (i.e. catching the ball after a kick). The task 
constraints are different when players receive a handball pass, however, since play 
continues and the ball carrier can be tackled immediately (Australian Football League, 
2015). Similarly, a player requires more time to complete the movements involved in 
executing a kick, compared to those of a handball (Parrington et al., 2009). Therefore, 
the game context in which a player receives the ball, i.e. after taking a ‘mark’, or 
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receiving a handball, may influence whether the player then decides to pass using a 
handball or kick (Farrow & Robertson, 2017). 
 
Individuals modify their behaviour in response to altered situational constraints 
(Pinder et al., 2011). Game contexts in basketball entailing a high probability of 
interacting with an opposition defender elicit greater use of the non-preferred hand by 
players (Stöckel & Vater, 2014). In contrast, intrinsically-timed actions in soccer, 
such as set pieces, are performed almost exclusively with the preferred foot (Carey et 
al., 2009). Similarly, different positional roles in team sport may encourage the 
emergence of distinctive behavioural adaptations (Brétigny et al., 2011). Compared to 
forwards and defenders, AF midfielders are more nomadic, moving up and down the 
ground following play while participating at each ‘stoppage’4 (Gray & Jenkins, 2010), 
the highly congested situations demanding rapid perceptual-motor skills of players 
(Norton, 2016). Consequently, the temporal demands placed upon midfielders when 
executing handballs may be greater compared to other AF positions, potentially 
shaping identifiable patterns of lateralised hand preference.  
 
The present study therefore investigated foot and hand use during games of 
professional AF. Specifically, the aim was to examine the degree of lateral preference 
for kicking and handball, and to determine whether preference is affected by playing 
position and game context. The main considerations were the foot and hand used for 
each disposal of the ball by individual players, the playing position of each player, 
and whether disposals were made after a ‘mark’ or during continuous play. In this 
                                                
4 Stoppages are “set pieces where the ball is returned to play after a goal, an out of 
bounds or a ball up being called” (Champion Data, 2016), when players compete for 
the ball after an umpire restarts play. 
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regard, it was hypothesised 1) that players would demonstrate greater symmetry of 
side preference for handball compared to kicking. Further, it was hypothesised 2) that 
midfield players would demonstrate greater symmetry of side preference for handballs 
than either key position players or half position players.  
3.3. Methods 
3.3.1. Sample 
The sample for the study consisted of six games from the 2015 AF season, with a total 
of 115 players participating in at least one of these games. Four high-performing 
teams were selected for analysis from a total of 18 in the competition. Of the sample, 
one team played in four games, two played in three games, with the final team playing 
in two games. All four teams finished in the top half of the competition’s ladder for 
2015, with two finishing in the top four. Three of the teams had won the national 
competition (i.e. Premiership) within the last 5 years. The matches used for these 
observations included multiple games of the same teams, so as to make it possible to 
assess consistency. An adequate number of both kicks and handballs was anticipated 
because during the 2015 season, teams had on average 204 kicks and 160 handballs 
per game (Champion Data, 2015), with 22 players making up each team.  
 
For each player, footedness was determined according to the AF player listings held 
by the official statistician (Champion Data, 2015). Hand preference was determined 
according to the hand used for writing, as shown in publicly-available photographs 
and video footage of individual players signing autographs after games or at club-
arranged appearances. The study was approved by the University of Sydney Human 
Research Ethics committee. 
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3.3.2. Procedure 
Analysis was conducted utilising video footage provided by the Australian Football 
League (140 Harbour Esplanade, Docklands, Melbourne, Victoria 3008, Australia). A 
Sharp 27-inch television monitor was used to view each game from three camera 
angles: 1) the publicly available television coverage, 2) a wide view side-on to the 
ground showing the player in possession of the ball and the players nearby, 3) a wide 
view from a fixed camera behind-the-goals, allowing observation of all players on the 
field. Views (2) and (3) were used when the broadcast television coverage did not 
provide a clear view of the handball or kick being analysed, or when replays were 
being displayed. The separate video files for each camera angle were synchronised 
from the first ‘centre bounce’ 5  and edited onto a three-way split screen using 
SportsCode Elite v.10 software (Sportstec Limited, Units 19-22, 6A Prosperity 
Parade, Warriewood, Sydney, NSW 2102, Australia). 
 
The following data were recorded for each player: handedness (right or left), 
footedness (right or left), club affiliation (1, 2, 3 or 4), and playing position6. In this 
study, players were defined as 1) Midfield (i.e. centres and followers), 2) Halves (i.e. 
half-forwards/half-backs), 3) Key position (i.e. forwards/backs). One individual who 
was blind to the experimental aims coded every disposal (i.e. kick or handball) in each 
game. The following data were attached to each disposal: player, disposal type (kick 
or handball), side of the body used (right or left), game context (in-play or after a 
                                                
5 An umpire bounces the football in the centre circle of the ground to start each 
quarter of a game, and after a goal has been kicked.  
6 The skill requirements and physical attributes of Australian Football players vary 
according to playing position (Dawson et al., 2004b; Hiscock et al., 2012; Mooney et 
al., 2011). The current study did not aim to examine where kicks and handballs were 
carried out on the ground, but rather whether any variation existed in the lateral 
profile of kicks and handballs executed by different types of players. 
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‘mark’). The outcome of each disposal was also graded as ‘effective’ or ‘ineffective’7 
using the criteria provided by Champion Data (2015). These statistics have been 
shown to be a reliable measure of performance outcome (Parrington et al., 2013). The 
coder replayed each disposal frame-by-frame, using a frame rate of 25 Hz, to assess 
the hand or foot used, and could watch a disposal as many times as necessary for 
certainty.  
3.3.3. Data analysis 
It has been recognised that each AFL team plays with a particular game style, that 
may differ from many other teams in the competition (Robertson et al., 2016). These 
strategic and tactical differences are reflected in team performance characteristics 
(Woods et al., 2017). ‘Team’ was therefore considered as a between-subject variable 
to investigate the presence of any effect of team in sampling. For example, it may 
have provided an indication that some team(s) had included more left- or right-sided 
players, or players that had developed more bilateral symmetry in AF skills. Initially, 
therefore, to examine differences in the hand and foot preferences of players from the 
different teams under analysis, the percentages of preferred-side handballs (PH%) and 
kicks (PF%) were analysed separately using one-way analysis of variance (ANOVA), 
with team (1, 2, 3, 4) as the between-subject factor. In accordance with the analyses of 
Carey et al. (2009) and Stöckel and Weigelt (2012), players were included in 
between-group analyses only if they had performed at least 10 handballs and 10 kicks 
in total during the games analysed. 
 
                                                
7 ‘Effective kicks’ were those that resulted in a player’s own team retaining 
possession. ‘Effective handballs’ were those that hit the intended target. ‘Ineffective 
disposals’ (both kicks and handballs) were either not advantageous to the player’s 
own team or gave possession directly to the opposition.  
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i) Right-preference vs left-preference: To assess any difference in side preference for 
kicking and handball between right- and left-handed players, the percentages of 
preferred-side handballs (PH%) and kicks (PF%) were analysed separately using a 
one-way ANOVA with handedness (right or left) as the between-subject factor. 
Similarly, to assess any difference in side preference for AF kicking and handball 
between right- and left-footers, the percentage rates of preferred-side handballs 
(PH%) and kicks (PF%) were analysed separately using one-way analysis of variance 
(ANOVA), with footedness (right or left) as the between-subject factor. 
 
ii) Use of non-preferred hand vs foot: To evaluate whether the degree of side 
preference for AF disposals was associated with AF skill type, a chi-square test for 
association was conducted between side bias (percentage of preferred limb use) and 
skill type (kicking or handball). Finally, Pearson’s correlation was used to determine 
whether the degree of non-preferred side preference for kicking (NPF%) was 
associated with the extent of side preference for handball (NPH%) in players. 
 
iii) Performance: Performance of preferred-side and non-preferred-side kicks was 
compared using kick effectiveness (‘effective’ or ‘ineffective’) as the dependent 
variable. An independent samples t-test was used because all kicks (and handballs) 
were pooled for the analysis of performance (effectiveness), i.e. there was no 
discrimination between which player performed the disposals. This was done to 
compare only the performance of preferred and non-preferred sides, independent of 
any effect of between-subject laterality. Likewise, performance of preferred-side and 
non-preferred-side handballs was compared using an independent samples t-test, with 
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handball effectiveness (‘effective’ or ‘ineffective’) as the dependent variable. Right- 
and left-sided players were pooled for these analyses. 
 
iv) Effect of playing position: To assess the side preference for AF disposals of 
players in different positions on the ground, the percentages of preferred-side 
handballs (PH%) and preferred-side kicks (PF%) were analysed separately using one-
way analysis of variance (ANOVA), with Playing position (Key Position, Half 
Position, Midfield) as the between-subject factor, again with right- and left-sided 
players pooled for these analyses. 
 
v) Right-side vs left-side use: To investigate the extent of right-side bias in AF 
handball and kicking, the percentage values of all disposals with the right hand and 
right foot respectively were calculated for all players (regardless of side preference) 
who had performed at least 10 handballs and 10 kicks. The frequency distributions for 
handball and kicking were then submitted to a test for normality. 
 
vi) Effect of game context: To investigate whether skill type (kicking or handball) was 
associated with game context (in play or after a ‘mark’), a chi-square test of 
association was conducted.  
 
Data analysis was undertaken using SPSS (Version 24.0 SPSS, Inc., Chicago, IL). 
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3.4. Results 
3.4.1. Summary 
A total of 4,689 disposals were coded (2,579 kicks and 2,110 handballs). In respect of 
the kicks, 2,387 (92.6%) were executed using the preferred foot and 190 (7.4%) with 
the non-preferred foot, while 2 could not be classified because it was not clear from 
the video footage which foot had been used to kick the ball. The foot preference for a 
total of 2,577 kicks could therefore be classified. Regarding handballs, 1,192 (57.4%) 
were executed using the preferred hand and 883 (42.6%) with the non-preferred hand, 
while 35 could not be classified, again because the video footage was unclear. The 
hand preference for a total of 2,075 handballs could therefore be classified. 
 
There were 115 players who participated in at least one of the six games. However, 42 
of these players performed less than a total of 10 kicks or 10 handballs and were 
therefore excluded from between-group analyses. Some of those excluded had 
completed a high number of either kicks or handballs, but a limited number of the 
other skill. Of the remaining 73 players, 52 (71.2%) were classified as having a right-
footed kicking preference according to the AF player listings held by the official 
statistician (Champion Data, 2015), with 21 (28.8%) classified as having a left-footed 
kicking preference. Likewise, 59 (80.8%) were classified as having a right-hand 
preference according to the hand used for writing, with 14 (19.2%) classified as 
having a left-hand preference. 
 
A one-way ANOVA was conducted to determine whether the degree of asymmetry in 
AF handball hand use (% preferred hand use) was different for players from different 
teams. Participants were classified into their respective teams: Team 1 (n = 21), Team 
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2 (n = 16), Team 3 (n = 19) and Team 4 (n = 17). Data are presented as mean ± 
standard deviation. The proportion of preferred hand use (Team 1: PH use = 58.1% ± 
20.9%, Team 2: PH use = 56.1% ± 28.0%, Team 3: PH use = 57.9% ± 25.6%, Team 
4: PH use = 71.2% ± 20.2%) was not significantly different between teams, F(3,69) = 
1.477, p = 0.23. Thus, the side preference for AF handballs made during professional 
games by players from different teams was not significantly different. 
 
Similarly, a one-way ANOVA was conducted to determine whether the degree of 
asymmetry in AF kicking foot use (% preferred foot use) was different for players 
from different teams. Data are presented as mean ± standard deviation. The proportion 
of preferred foot use (Team 1: PH use = 94.2% ± 5.3%, Team 2: PH use = 90.7% ± 
10.3%, Team 3: PH use = 88.9% ± 12.9%, Team 4: PH use = 93.5% ± 10.7%) was 
not significantly different between teams, F(3,69) = 1.152, p = 0.34. Thus, the side 
preference for AF kicks made during professional games by players from different 
teams was not significantly different. 
3.4.2. Right-preferring vs left-preferring players 
A separate one-way ANOVA examined any effect of handedness on the asymmetry of 
hand (% PH) and foot (% PF) used for executing AF skills. With the between-groups 
factor of Handedness, there was no significant difference between right-handed (M 
PH = 60.0%, M PF = 91.5%) and left-handed (M PH = 62.1%, M PF = 93.4%) players 
in the asymmetry of hand use (F(1,71) = 0.060, p = 0.808) or foot use (F(1,71) = 0.416, p 
= 0.521).  
 
Similarly, a separate one-way ANOVA examined any effect of footedness on the 
asymmetry of hand (% PH) and foot (% PF) used for executing AF skills. With the 
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between-groups factor of Footedness, there was no significant difference between 
right-footed (M PH = 60.9%, M PF = 91.0%) and left-footed (M PH = 60.0%, M PF = 
94.0%) players in the asymmetry of hand use (F(1,71) = 0.021, p = 0.884) or foot use 
(F(1,71) = 1.358, p = 0.248).  
3.4.3. Use of non-preferred hand vs foot 
A chi-square test for association was conducted between skill type (kicking and 
handball) and side bias (% preferred-limb use). All expected cell frequencies were 
greater than five. There was a moderately strong, ϕc = 0.416, p < 0.001, and 
significant, χ2(1) = 34.560, p < 0.001, association between skill and side bias. The 
preference for using the preferred side relative to the non-preferred side was higher 
for kicking compared to handballing, as illustrated in Figure 1. 
 
Figure 1. Percentage of side use by AF skill type. 
 
The extent of use of the non-preferred side for kicking (NPF%) was correlated with 
the extent of use of the non-preferred side for handball (NPH%) in players (r = 0.37, p 
< 0.001). That is, use of the non-preferred foot and the non-preferred hand were 
related, with a medium effect size. 
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3.4.4. Performance 
Performance for preferred-side and non-preferred handballs was evaluated using an 
independent samples t-test, with handball effectiveness (‘effective’ or ‘ineffective’) as 
the dependent variable. The difference between handball effectiveness when using the 
preferred hand (M effectiveness = 83.5%, SD = 37.1) and the non-preferred hand (M 
effectiveness = 81.3%, SD = 39.0) was not significant, t(2073) = 1.302, p = 0.193, d = 
0.15. 
 
Likewise, performance for preferred-side and non-preferred kicks was evaluated using 
an independent samples t-test, with kick effectiveness (‘effective’ or ‘ineffective’) as 
the dependent variable. Kicking effectiveness when using the preferred foot (M 
effectiveness = 70.8%, SD = 45.5) was significantly greater than when using the non-
preferred foot (M effectiveness = 59.0%, SD = 49.3), t(2575) = 3.408, p < 0.001, d = 
0.54.  
3.4.5. Effect of playing positions on non-preferred limb use 
A one-way ANOVA was conducted to determine whether the degree of asymmetry in 
hand use (% preferred hand use) was different for groups of playing positions. 
Participants were classified into three groups: midfielders (n = 34), half position (n = 
24) and key position (n = 15). Data are presented as mean ± standard deviation. The 
proportion of preferred hand use was significantly different between playing 
positions, F(2,70) = 6.505, p < 0.005, hp2 = 0.157. Bonferroni post hoc analysis 
revealed that the difference between midfielders (50.6% ± 24.0) and half positions 
(70.0% ± 17.3) was statistically significant (M difference = 19.4%, 95% CI = 4.8% to 
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34.0%, p < .005), as was the difference between midfielders (50.6% ± 24.0) and key 
positions (68.6% ± 25.6) – (M difference = 18.0%, 95% CI = 1.0% to 34.9%, p < 
0.05). The difference between half positions and key positions was not significant. 
Midfielders demonstrated more symmetry in upper limb use when executing 
handballs compared to half position and key position players (see Figure 2). 
 
Figure 2. Percentage of preferred-hand use according to playing position. 
Similarly, a one-way ANOVA was conducted to determine whether the degree of 
asymmetry in foot use (% preferred foot use) was different between midfielders, half 
position and key position players. The proportion of preferred foot use was not 
significantly different between playing positions, F(2,70) = 1.898, p = 0.158, hp2 = 
0.051. Midfield players (89.5% ± 12.6), half position (93.5% ± 7.6) and key position 
(94.7% ± 5.4) players demonstrated similarly high levels of asymmetry in lower limb 
use when executing kicks (see Figure 3). 
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Figure 3. Percentage of preferred-foot use according to playing position. 
3.4.6. Right-side vs. left-side use 
To investigate the influence of a (potential) right- foot bias in AF, percentage values 
of all kicks with the right foot were calculated for all players (see Figure 4). The 
frequency distribution for the percentage of right-footed kicks indicated a right-
skewed distribution, with a mean right-foot bias of 67% across all kicks (skew = -
0.84, sx = 0.28). It should be noted that 35.8% of kicks were made using the left foot 
(i.e. 789 of 2,204). However, only 104 (13.2%) of these left-footed kicks were made 
by right-footers using their non-preferred side. 
 
Figure 4. Frequency histogram illustrating the percentage of right-footed kicks in 
professional AF game play. 
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The frequency distribution for the percentage of right-handed handballs (see Figure 5) 
showed a right-skewed distribution with a mean right-hand bias of 56% across all 
handballs (skew = -0.40, sx = 0.28). Of all handballs, 47.2% were made using the left 
hand (i.e. 856 of 1,813). Of these 856 left-hand handballs, 577 (67.4%) were made by 
right-handers using their non-preferred side. 
 
 
Figure 5. Frequency histogram illustrating the percentage of right-handed handballs. 
3.4.7. Effect of game context 
 
A chi-square test for association was conducted between skill type (kicking and 
handball) and game context (‘in play’ and ‘after mark’). All expected cell frequencies 
were greater than five. There was a moderately strong, ϕc = 0.415, p < .001, and 
significant, χ2(1) = 34.381, p < .001, association between skill and game context. The 
proportion of disposals executed in play relative to after a ‘mark’ was higher for 
handballing (in play = 89%, after a ‘mark’ = 11%) than for kicking (in play = 51%, 
after a ‘mark’ = 49%), as illustrated in Figure 6. 
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Figure 6. Proportion of disposals executed according to game context. 
 
3.5. Discussion 
Using a video-based analysis of games from high-performing teams within the 
national competition, this study examined hand and foot use of professional 
Australian footballers. The overall aim was to determine whether the degree of 
asymmetry in side preference for executing AF kicks and handballs was associated 
with skill type. A secondary aim was to establish if the degree of asymmetry in side 
preference for executing AF kicks and handballs differed according to playing 
position. The findings supported the hypothesis of a higher level of symmetry in side 
preference when executing handballs compared to when completing kicks in 
professional AF players. Further, midfield players exhibited greater symmetry in side 
preference for handballs compared to both key position and half position players, 
supporting hypothesis 2. 
 
Sport-specific lateral preferences have been examined for upper limb (e.g. judo - 
Iglesias-Soler et al., 2018) and lower limb (e.g. soccer - Guilherme et al., 2015) motor 
skills. However, a novel aspect of the present dataset was that it captured within-
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individual lateral preference for sport-specific skills in both the upper and lower limbs 
from the same players. Here, chi-square analysis demonstrated that players performed 
upper-limb AF skills with significantly more symmetry in side preference compared 
to their lower-limb AF skills, supporting the concept of skill-specific adaptations in 
lateral selection (Guilherme et al., 2015). Functional lateral preference for highly 
practised sport-specific motor skills may be modifiable, independent of any general 
lateral bias (Iglesias-Soler et al., 2018). Conversely, increased use of the non-
preferred-side for handball was correlated (with a medium effect) with greater use of 
the non-preferred-side when kicking. This could result from a modification of lateral 
preference due to training, or because less lateralised individuals are selected for at 
higher levels in sport (Stöckel & Vater, 2014).  
 
Distal muscles are primarily controlled by the contralateral hemisphere whereas 
proximal muscles are under more bilateral control due to innervation from uncrossed 
nerve fibres (Watson & Kimura, 1989). If it is postulated that handballing is an action 
dominated by shoulder movement (Parrington et al., 2014), then greater symmetry of 
preference and performance is potentially achievable for this action than for more 
precise distal-joint actions such as handwriting (Hore et al., 1996). Compared to 
kicking, handball also involves fewer articulations, thereby reducing the complexity 
of executing the skill (cf. Parrington & Ball, 2016; Watson & Kimura, 1989). 
Handballs are also performed over less distance than kicks (Champion Data, 2015), 
potentially reducing the precision requirements. The specialised whole-body roles 
developed in kicking - stabilisation on the non-kicking leg, mobilisation of the 
kicking foot, guiding the ball from hand to kicking foot (Ball, 2013) - are more 
complex than the ball-cradling and punching movements involved in handball 
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(Parrington et al., 2015a) and this may account for the greater ease with which players 
have developed more symmetrical handball skills. 
 
It is also possible that the biological determinants of foot dominance are stronger than 
those for handedness (Day & MacNeilage, 1996; Stöckel & Carey, 2016). Aspects of 
hemispheric asymmetry may be more correlated with lower-limb than upper–limb 
movements (Elias & Bryden, 1998). It has been argued that whole-body postural 
control was the evolutionary precursor to manual dexterity (MacNeilage et al., 1987). 
Strong influences hindering the development of bilateral kicking skill may therefore 
deter AF players and coaches from dedicating sufficient energy and practice time to 
this aspect of performance (Abernethy, 2013; Lewandowsky & Thomas, 2009; 
Sparrow & Newell, 1998). Challenging this argument, however, is the finding from 
functional magnetic resonance imaging that foot movements are associated with a 
greater relative contribution from the ipsilateral cortex than similar hand movements 
(Sahyoun et al., 2004).  
 
Skill type was also associated with the game context in which the disposal was made. 
More handball than kick disposals were made when executed in play compared to 
when made after a ‘mark’. Consequently, temporal demands and proximate player 
density may be greater when performing handballs compared to kicks (Farrow & 
Robertson, 2017; Parrington et al., 2013). Kicks performed after taking a ‘mark’ allow 
a player 15 seconds to re-start play and execute their next disposal, and opposition 
players are also prohibited from coming within 10 metres of the player (Australian 
Football League, 2017). These kicks are almost exclusively performed on the 
preferred side (see Figure 1). Distinctive environmental constraints for handballs may 
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result in incidental learning by players in response to these demands (Conlon, 2004). 
Although a game such as AF likely provides near-equivalent opportunities for 
preferred and non-preferred-side use for both kicking and handball disposals 
(Eastwood, 1972), the motivation for developing and exploiting bilateral skill may be 
stronger for handballing (Withagen et al., 2012). 
 
Alternatively, an absence of formal coaching instruction and direction of training 
towards non-preferred-kicking practice may contribute to the high level of asymmetry 
for this skill. Farrow and Ball (2011) argued that AF coaches do not encourage 
sufficient kicking practice on the non-preferred-side, resulting in the modern AF 
player having a “declining ability to kick on their non-preferred side” (p.2). Analyses 
of game demands (e.g. Parrington et al., 2013) also suggest that the training scenarios 
encountered by AF players (c.f. Dawson et al., 2004a) may not be as rich, demanding 
and complex as competitive situations. 
 
It is possible that the difference in preference between the two skills also is related to 
the relative proficiency of the preferred and non-preferred side (McManus, 1999). 
Handball efficiency was not significantly different when using the preferred than the 
non-preferred hand, whereas kicks on the preferred side were completed with a higher 
level of efficiency than the non-preferred side. Further study using an enhanced 
measure of performance is required to test this further.  
 
Findings also supported hypothesis 2 regarding playing position. Midfielders executed 
handballs with more symmetry in side preference compared to those in other playing 
positions (key position and half position). This observation agrees with findings by 
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Bale and Scholes (1986) from a questionnaire-based study, as well as observations of 
different movement kinematics according to playing position in field hockey 
(Brétigny et al., 2011). However, for kicking, positions were equivalent in their 
degree of symmetry, supporting the findings of Stöckel and Weigelt (2012) in an 
analysis of side preference in basketball games. Playing in the midfield may require 
players to develop increased bilateral use, or players in that position may be less 
lateralised than players in other positions on the field.  
 
Examining right- and left-sided disposals, different profiles were apparent for kicks 
and handballs, in that left-handed handballs could be attributed to non-preferred hand 
use in right-handers as well as to preferred-hand-use in left-handers, whereas left-
footed kicks were attributed primarily to preferred-side kicks by left-footers. Further 
study across a wider selection of teams would need to examine whether two-footed 
play is indeed important for successful team performance. The players examined in 
this sample included 27% left-footers, but potentially other teams with different 
proportions of left- and right-footers would show different profiles of left-footed 
kicking. 
Further study 
Further examination of the performance of left-footers across the AF competition 
would be valuable in attempting to understand the benefit of left-footed kicking to 
team performances. Verbeek et al. (2017) indicated that left-footed players may be 
proactively selected through talent development systems due to their importance in 
certain positions in the field. Left-footed AF players may similarly be chosen to 
distribute the ball from different parts of the ground (e.g. from left-back). 
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Exploring the nature of performance differences in more detail may reveal specific 
situations where the preferred hand is used more, or where performance on the 
preferred side exceeds that of the non-preferred. For example, a detailed analysis of 
side-use and performance quality for handballs executed within midfield stoppages 
might reveal further contextual features of skill performance within professional AF. 
 
Additionally, repeating the current study using a wider sample of teams and games 
could reveal whether patterns of handedness and footedness vary between top-
performing and lower-level teams within the AFL competition, and whether the 
nature of kicks and handballs performed by a team is influenced by the opponent. 
Limitations 
A wider sample over a greater number of games is needed. Some players observed 
here only had a limited number of kicks and handballs due to the nature of the game, 
their field position, the number of games they played, or their role within the team. 
These individuals could be included in group analyses if more games were analysed. 
 
A potential limitation in the present study is the use of the writing hand as the 
“preferred” hand, since this may be influenced by societal pressures and is not 
necessarily the preferred hand for AF handball (Annett, 2002). It should be noted that 
11 of 45 individuals who made 20 or more handballs performed more than 50% of 
these with their non-writing hand. This finding has implications for conclusions 
regarding between-subject laterality based on the performance of sporting skills. For 
example, inferring an individual’s side preference for general motor skills, and 
extrapolating predictions about cerebral dominance, from observations of side 
preference for sporting skills should be undertaken with caution (Loffing et al., 2014). 
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However, this does not detract from the observation that bilateral use is greater in 
handball compared to kicking. 
 
The use of a single measure to assess side preference may not provide an accurate 
representation of an individual’s handedness. In future work, adding performance 
tests to bolster the assessment of handedness would be beneficial.  
Practical Implications 
The study findings highlight several practical implications. The results provide useful 
objective data for those developing training programs for junior players. From this 
sample of elite AF players, non-preferred-side handball use appears to be an 
important component of performance, especially for midfielders. An inability to use 
both hands for handball execution may potentially be a limiter for attaining high 
levels of selection in AF. 
 
One interpretation of the findings is that non-preferred-side handball skill may be 
more important to individual and team performance than bilateral kicking skill. When 
players are very reliant on one side of their body, their performance may be limited in 
specific sporting contexts (Bale & Scholes, 1986). However, this sample suggests that 
AF allows scope for high level achievement with strong side preference for kicking. 
Further study would be required to investigate whether non-preferred-side kicking 
skill is critical in certain situations, such as being caught on the wrong foot in front of 
goal (Carey et al., 2009). 
 
It is unclear whether equal foot use is a realistic target for all AF players. Although 
the data demonstrate that most players in this sample exhibit a strong side preference 
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for kicking, there were some outstanding models of bilateral kicking performance. Of 
the 73 players performing at least 10 kicks, four used their non-preferred foot for 
more than 25% of their total kicks. Only one player approached equivalence for foot 
use. Further investigation of the attributes, developmental background and training 
history of these players could be valuable for AF clubs. 
3.6. Conclusion 
The main findings of this empirical analysis are that regardless of handedness, AF 
players were significantly more symmetrical in use of their upper limb (for handball) 
than their lower limb (for kicking), despite the fact that players who are more bilateral 
in their kicking are seen as valuable players. This information may be considered by 
those developing programs for improving the skill level of AF players with regard to 
greater symmetry of use of the lower limbs in kicking. 
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Chapter 4: Study 2: Player and coach attitudes regarding preference for 
unilateral vs bilateral hand and foot skills in Australian football 
4.1. Abstract 
AF is a game that nominally requires bilateral motor skills of both the upper (i.e. 
handball) and lower limbs (i.e. kicking). Bilateral skill development is viewed as a 
critical feature of high-level performance in some sports, e.g. soccer and basketball. 
The current study examined the distributions of self-reported handedness and 
footedness within a group of sub-elite junior, and professional AF players, with the 
aim of determining the extent of their lateral preference for sport-specific skills. A 
secondary aim was to assess the views of players and coaches regarding the 
importance of developing bilateral handball and kicking skills within AF. 
Accordingly, 410 players reported their hand and foot preferences for AF-specific 
behaviours, and their hand preference for everyday activities, via a questionnaire. In 
addition, 13 coaches gave their assessment of the importance of bilateral AF skills. 
Compared to populations of basketball and soccer players, there was respectively an 
increased prevalence of mixed-handedness, and reduced frequency of mixed-
footedness seen with AF sport-specific skills. Handedness for everyday activities was 
not associated with AF-specific lateral preferences. Players and coaches reported the 
development of bilateral handball skills as being more important to AF performance 
than bilateral kicking skills. The implications are discussed in terms of designing 
training interventions aimed to increase bilateral skill for AF handball and kicking. 
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4.2. Introduction 
Approximately 85% of the general population in Western countries prefer to use their 
‘right hand’ and ‘right foot’ in performing motor tasks, and perform better when they 
do so (Porac, 2016). A minority of individuals preferentially employ their left side for 
skilled upper or lower limb movements (Hardyck & Petrinovich, 1977). Upper-limb 
asymmetries in preference and performance vary as a function of both the task and its 
complexity (Akpinar et al., 2015; Bryden et al., 2011). Both right- and left-handers 
use their non-preferred side with greater frequency than the preferred for some tasks 
under certain conditions, for example when reaching into ipsilateral space (Mamolo et 
al., 2006). Performance differences between the two hands and between tasks are also 
unpredictable from one task to the next (Provins, 2012). Similarly, aspects of foot 
preference behaviour vary as a function of task, with the majority of individuals 
switching their preferred leg for stabilisation between bilateral and unilateral tasks 
(Hart & Gabbard, 1997). 
 
Modifications in the strength of lateralised motor preferences occur with age. 
Developmental changes in motor coordination during childhood are accompanied by 
an increased consistency in hand preference, with adults displaying stronger unilateral 
biases than children (Annett, 2004). Adults also demonstrate greater asymmetries in 
preference for lower limb mobilisation tasks than children (Gabbard & Iteya, 1996).  
 
The realm of sport provides an ideal environment for examining the potential for use-
dependent alterations to limb selection patterns (Abernethy et al., 2008). Bilateral 
symmetry in performance competency in upper and lower body skills, as well as in 
frequency of use, may be an important component of expertise in sports such as 
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basketball (Bale & Scholes, 1986) and soccer (Grouios et al., 2002b). Reducing lateral 
inter-limb asymmetries is often assumed to benefit individual and team performance, 
and to reduce the risk of injury (Parrington & Ball, 2016). Higher rates of self-
reported mixed-footedness in professional soccer players (Grouios et al., 2002a), and 
greater in-game use of the non-dominant hand by elite basketball players (Stöckel & 
Weigelt, 2012), reflect a reduction in unilateral bias at higher levels of sporting 
competition. Less lateralised individuals may progress to higher levels of competition 
through self-selection or competitive advantage (Akpinar et al., 2015; Stöckel & 
Vater, 2014). Alternatively, reduced asymmetry may be the result of extended 
practice leading to skill-specific adaptations (Grouios et al., 2002b; Stöckel & 
Weigelt, 2012). The notion of plasticity in soccer footedness behaviour has, however, 
been challenged by Carey et al. (2009), who showed that elite professional players use 
their non-preferred foot infrequently during games, despite performance symmetry 
with the preferred side. 
 
Team success in AF relies on players passing accurately to teammates using a kick or 
handball, and then scoring via a kick for goal (McLeod & Jaques, 2005; Parrington & 
Ball, 2016). During the 2016 season, teams averaged 206 kicks and 170 handballs per 
game (Champion Data, 2016), illustrating the importance of both skills. Because there 
is no offside rule in AF, during play, team-mates can lead to either the right or left of 
the ball-carrier, so motor affordances (possibilities) for left-sided actions tend to be 
equivalent to those for right-sided actions (Eastwood, 1972). Coaching manuals state 
that the game requires bilateral motor skills from successful players (McLeod & 
Jaques, 2005), a view supported by scientific analyses of kicking and handball (Ball, 
2011; Parrington et al., 2015a). However, most players exhibit a strong kicking foot 
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preference and only 8% of kicks during the 2015 season were performed using the 
non-preferred foot (Champion Data, 2015). Although the degree of inter-limb 
symmetry of handball use in games has not been reported, observation suggests that 
use of the non-preferred hand is higher than that of the non-preferred foot. 
 
It is possible that the distictive movement demands of kicking and handball, and the 
game contexts within which they are used, may differentially influence the extent of a 
player’s lateralised preference for each skill (Barbieri et al., 2015). AF handballing 
involves holding the ovoid-shaped ball in one hand and punching it with the other 
hand (Parrington et al., 2015a). In contrast, a punt kick requires a one-handed delivery 
of the ball to the kicking foot, which means using the hand on the ipsilateral side to 
the foot (Ball, 2011). Compared to handballing, kicking involves the coordination of 
additional degrees of freedom as well as increased whole-body postural control 
requirements, potentially requiring more extensive practice to achieve a similar level 
of expertise (Provins, 1997b). Furthermore, following a ‘mark’ (i.e. catching the ball 
after a kick), AF game rules specify that players may take up to 15-seconds to dispose 
of the ball without being tackled and are therefore likely to use the preferred foot for a 
subsequent kick (Carey et al., 2009; Stöckel & Weigelt, 2012). This benefit does not 
apply to handballs, which are often performed in time-constrained contexts under 
opposition pressure (Parrington et al., 2013). Given the multidimensional nature of 
individual and team performance in AF, it is therefore possible that coaches and 
players may emphasise the importance of developing non-preferred handball skill 
more than non-preferred kicking skill (Farrow & Ball, 2011; Woods et al., 2018).  
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The current study aimed first to establish the distribution of handedness and 
footedness for AF handball and kicking skills in both junior sub-elite and senior elite 
players from a first-grade club. Second, the work sought to determine whether the 
extent of lateral preference was equivalent in upper and lower limb AF skills, and 
whether hand preference in everyday life had any moderating effect on AF-specific 
lateral preferences. Third, the intention was to investigate the attitudes of players and 
coaches regarding the importance of bilateral skill in AF kicking and handball. 
Finally, it was important to determine the effect of age and experience on both the 
degree of lateral preference for AF skills, and on player attitudes towards the value of 
bilaterality in AF. Accordingly, a paper-based questionnaire was designed, comprised 
of 45 items, aimed at assessing the self-reported handedness and footedness of players 
for AF-specific skills as well as everyday life skills. Additionally, for both kicking 
and handball, questions were included to ascertain each player’s perceived between-
side similarity in skill level, the importance they assigned to bilateral skill as a 
component of AF expertise, and the number of coaches that had encouraged bilateral 
practice during their playing career. A separate 19-item laterality questionnaire was 
designed to evaluate the importance that coaches from the same first-grade club 
attributed to bilateral skill development, during both their playing and coaching 
careers. Furthermore, players and coaches were given the opportunity to add any 
comments they felt relevant to the subject of laterality in AF. 
 
Results from Study 1 of this thesis revealed that AF players demonstrated a higher 
level of symmetry in side preference when executing handballs compared to when 
completing kicks. AF players used their preferred foot for almost every kick during 
professional games. In contrast, AF players used both hands with similar frequency 
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when executing handballs. Although elite soccer players exhibit a strong side 
preference, they use their non-preferred foot for around 20% of kicks during games 
(Carey et al., 2009). While professional basketball players use either hand to pass 
during matches, they still demonstrate a strong side preference (Stöckel & Weigelt, 
2012). It was therefore hypothesised 1a) that the distribution of everyday-life 
handedness in AF players would not differ from that of the general population (cf. 
Carey et al., 2009) but 1b) there would be a lower frequency of mixed-footed skill in 
AF players compared to soccer (cf. Carey et al., 2001) and a higher frequency of 
mixed-handed skill compared to basketball (cf. Stöckel & Weigelt, 2012); 2a) that 
asymmetry of preference would be greater for kicking than handball skills and 2b) the 
side preference for executing skills with greater time-constraint demands would be 
more symmetrical (cf. Barbieri et al., 2015; Stöckel & Vater, 2014); 3a) that players 
and coaches would regard the development of bilateral handball skill as more 
important than bilateral kicking skill, 3b) that players would report greater symmetry 
in bilateral handball skill compared to kicking skill and 3c) that players would report 
more concern for injury to their preferred compared to their non-preferred side; and 4) 
compared to junior players, professionals would report greater asymmetry of 
preference for kicking skills, but lower levels for handball. 
4.3. Methods 
4.3.1. Participants 
Following University Ethics Committee approval, 369 male AF players from a 
national first-grade team’s junior academy (M age = 12.7 years, SD ± 2.0, range: 10 to 
18) and 41 male professional AF players from a national first-grade team (M age = 
23.6 years, SD ± 4.2) participated in the study. The professional players had varying 
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levels of ‘first-grade’ AF competition experience (M games played = 71.1, SD ± 
88.9). Additionally, 9 coaches from the first-grade team of the same club (M 
professional playing career = 12.3 years, SD ± 2.7; M coaching career = 8.6 years, SD 
± 6.4) and 4 coaches from the academy (M amateur playing career = 11.3 years, SD ± 
3.9; M coaching career = 15.8 years, SD ± 5.9) participated in the study. 
 
The academy players were defined as ‘sub-elite’ on the basis that the academy selects 
players from the age of 10 using a system of talent identification. The subsequent 
talent development structure aims at providing specialised coaching, support services 
and facilities to an exclusive population of athletes from within New South Wales (cf. 
Gullich & Cobley, 2017). 
4.3.2. The Australian Football Laterality Questionnaire (AUFLQ) 
A three-part self-report laterality questionnaire was designed, based on a combination 
of instruments used previously for determining side preferences. The first part of the 
questionnaire was a modified version of the Aberdeen Football Laterality 
Questionnaire (AFLQ; Carey et al., 2009). For the present study, the AFLQ was 
adapted to ask participants for their foot preference in AF-kicking-related behaviours 
(AUF Laterality Questionnaire – AUFLQ). Participants were provided with seven 
response alternatives to describe their foot preference for seven AF-specific kicking 
skills, ranging from “always left” (1), through “no preference” (4) to “always right” 
(7). The second part of the AUFLQ included a 10-item questionnaire (modified from 
the Edinburgh Handedness Inventory; Oldfield, 1971), where participants were 
provided with five response alternatives to describe their hand preference for 
everyday tasks, ranging from “always left” (1), through “no preference” (3) to 
“always right” (5) (Loffing et al., 2014). A hand preference questionnaire was added 
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that was specific to AF-handball behaviours. This included 2 questions that provided 
participants with seven response alternatives to describe their hand preference for 
‘Long’ and ‘Short’ handballs, ranging from “always left” (1), through “no preference” 
(4) to “always right” (7). The third section of the AUFLQ contained eight questions 
asking for attitudes towards injury and rehabilitation to various parts of the body. A 
visual analogue scale (Aitken, 1969) was used for scoring these eight questions. 
Finally, participants were given the opportunity to add comments relevant to their 
training experiences. Questions of the AUFLQ can be found in Appendix A. 
4.3.3. The Australian Football Coach Laterality Questionnaire (AUFCLQ) 
A two-part laterality questionnaire was designed for use with members of the club’s 
coaching staff. The questionnaire was adapted from the AUFLQ and asked for 
responses to describe their coaching behaviours related to the development of bilateral 
kicking skill (part 1) and bilateral handball skill (part 2), as well as the importance 
they attributed to bilateral skill practice during their own playing careers. Questions of 
the AUFCLQ can be found in Appendix B. 
4.3.4. Procedure 
Junior players who agreed to participate in the study completed the questionnaire 
during one of their academy training sessions. Participating professional players 
completed the questionnaire at an agreed time during the normal training week at the 
club. Questionnaires were completed in a large, quiet room with a maximum of 20 
participants in each group. A verbal explanation of the questionnaire was provided to 
each group of participants and confirmation was obtained that they understood the 
task. 
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Participants were encouraged to mime the activities described in each question and 
relevant objects were provided behind a screen at the front of the room to assist with 
this (e.g. broom, spoon, box). Three volunteers who did not know the players assisted 
with answering further questions from participants and checked that each 
questionnaire had been fully completed. To maintain participant anonymity, 
completed questionnaires were returned into a closed box at the front of the room.  
 
Coaches who agreed to participate completed the questionnaire at their convenience, 
in a quiet room. A volunteer provided a verbal explanation of the requirements and 
confirmation was obtained that they understood the task.  
4.3.5. Measurements 
(a) Determination of Footedness and Handedness 
Questions 5-11 of the AUFLQ relate to foot preference for seven AF-related kicking 
skills. The primary measure of kicking footedness was the average score of these 
items (‘Kicking preference score’ - KPS). A three-way classification of AF-specific 
footedness was used: a KPS score of 1.0 – 3.0 denoted left-footedness; KPS scores of 
3.01 – 4.99 denoted mixed-footedness; KPS scores of 5.0 – 7.0 denoted right-
footedness (Carey et al., 2009; Grouios et al., 2002a). 
 
Questions 31 and 32 of the AUFLQ relate to hand preference for long and short 
handballs; the average score for these items (‘Handball preference score’ - HPS) was 
used to measure AF-specific handedness: HPS scores of 1.0 – 3.0 denoted left-
handedness; HPS scores of 3.01 – 4.99 denoted mixed-handedness; HPS scores of 5.0 
– 7.0 denoted right-handedness.  
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Additionally, the handedness of participants for everyday activities was classified 
trichotomously based on the total Edinburgh Handedness Inventory (EHI - Oldfield, 
1971) score from their answers to questions 18-27. This was scored in accordance 
with Loffing et al. (2014) – i.e. 1 (always left) = -10, 2 (frequently left) = -5, 3 (no 
preference) = 0, 4 (frequently right) = +5, 5 (always right) = +10. Adding the scores 
from the ten questions gave a total between -100 to 100. Using the same categories as 
Stöckel and Vater (2014) scores below -40 denoted left-handedness, between -40 and 
40 denoted mixed-handedness and scores above 40 denoted right-handedness. 
 
To assess the relationship between EHI and KPS, handedness and footedness were 
classified again, this time dichotomously. EHI scores greater than 100 signified right-
handedness, while EHI scores below 100 indicated left-handedness. Similarly, 
average KPS greater than 4 denoted right-footedness, whereas average KPS below 4 
signified left-footedness. 
(b) Degree of lateral preference 
In order to measure the degree of foot use independent of the trichotomous 
distribution of footedness (‘Kicking laterality score’, KLS), the deviation of the raw 
scores from equal preference (i.e. 4, the middle of the 7-point scale) was calculated 
for questions 5-11. The absolute difference was considered, and therefore KLS could 
range from 0 (=4-4, i.e. equal foot use) to 3 (=7-4, i.e. unilateral foot use). This 
process was also undertaken for questions 31 and 32 relating to handball (‘Handball 
laterality score’, HLS). In addition, to compare the difference in lateral preference for 
closed-skill, self-paced kicks (i.e. after a ‘mark’) and kicks executed with greater time 
constraints, the KLS was also calculated for the average of questions 5 and 9 (‘KLS 
mark’), and questions 6 and 10 (‘KLS pressure’) respectively. 
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4.3.6. Data analysis 
1. Distributions: Chi-square tests were used to assess whether the distributions of AF-
specific footedness (based on the KPS), AF-specific handedness (based on the HPS) 
and everyday life handedness (based on the EHI) were different from the distributions 
of footedness in a population of professional soccer players (reported by Grouios et 
al., 2002b), sport-specific handedness in a population of professional basketball 
players (reported by Stöckel & Vater, 2014) and handedness in the general population 
(reported by Gabbard & Iteya, 1996), respectively. 
 
Due to their robust nature, parametric statistics were also used to analyse the 
questionnaire data (De Winter & Dodou, 2010; Norman, 2010). To assess differences 
between the handedness groups in the extent of lateral preference for AF skills, a one-
way analyses of variance (ANOVAs) of the KLS and HLS was conducted, with 
handedness for everyday activities (left, mixed or right) as the between-subject factor. 
 
2. Asymmetry of kicking and handball preference: To evaluate whether the degree of 
lateral preference varied between specific AF skills, paired t-tests were used to 
analyse the difference between KLS and HLS, KLS mark and KLS pressure, and 
Long HLS and Short HLS. 
 
3. Player views on laterality: To determine possible associations between coaching 
influence and player views on the development and importance of bilateral skills, 
Pearson’s correlations examined whether the coaches’ encouragement of non-
preferred kicking practice and non-preferred handball practice was correlated with 
  96 
player’s ratings for ‘likeness of feet’, ‘importance of bilateral foot skill’, ‘likeness of 
hands’ and ‘importance of bilateral hand skill’. 
 
Paired t-tests were used to analyse the difference between players’ self-reported 
functional asymmetry in kicking (‘likeness of feet’) and handball (‘likeness of hands’) 
skill, as well as the importance of bilateral lower-body (‘importance of feet’) 
compared to upper-body (‘importance of hands’) skill. Further, paired t-tests were 
used to assess the difference in players’ concern for injury to the preferred and non-
preferred hand, preferred and non-preferred foot, hands and feet, hands and head, and 
feet and head. 
 
4. Effect of age and experience: To assess differences between the age groups, a one-
way ANOVA, with the eight ages of 11, 12, 13, 14, 15, 16, 17 and 18 years, and 
Senior, as the between-subject factor, was used to analyse the following dependent 
variables: KLS, HLS, importance of feet, likeness of feet, importance of hands and 
likeness of hands. 
 
Data analysis was undertaken using SPSS v24. 
4.4. Results 
4.4.1. Hand and foot preference 
Based on their average foot preference for AF kicking (KPS), the sample consisted of 
323 right-footed (78.8%), 68 left-footed (16.6%) and 19 mixed-footed (4.6%) 
individuals (Error! Reference source not found.). Most players reported a strong 
unilateral bias for average kicking preference. 
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Based on their average preference for AF handball (HPS), the sample consisted of 267 
right-handed (65.1%), 37 left-handed (9.0%) and 106 mixed-handed (25.9%) 
individuals (Figure 8). Compared to AF kicking, therefore, more players reported a 
reduced unilateral bias for AF handball.   
 
Finally, based on their hand preference for everyday activities (Oldfield, 1971), the 
sample comprised 330 right-handed (80.5%), 39 left-handed (9.5%) and 41 mixed-
handed (10.0%) individuals.  
 
Figure 7. Distribution of AF kicking footedness. 
 
Considering a dichotomous classification of handedness based on EHI scores, the 
sample consisted of 356 right-handed (86.8%) and 54 left-handed individuals 
(13.2%). Similarly, based on average KPS scores, the sample consisted of 335 right-
footers (81.7%) and 75 left-footers (18.3%). A total of 65 individuals (15.9%) 
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reported mixed-limb preferences: 43 right-handers were classified as left-footers, with 
22 left-handers considered as right-footers. 
 
 
Figure 8. Distribution of hand preference for AF handball. 
 
Based on the average kicking footedness score (KPS), the distribution of footedness 
(78.8% right-footed, 16.6% left-footed, 4.6% mixed-footed) within the present group 
of AF players differed both from the professional soccer players measured by Grouios 
et al. (2002b) (i.e. 36.1% right-footed, 17.9% left-footed, 45.9% mixed-footed), c2 (2, 
N = 410) = 359.03, p < 0.001, j = 0.94 and the amateur soccer players studied by 
Carey et al. (2009) (i.e. 68.5% right-footed, 13.0% left-footed, 18.5% mixed-footed), 
c2 (2, N = 410) = 53.0, p < 0.001, j = 0.36. Thus, there was a smaller proportion of 
mixed-footed players, and a higher proportion of right-footed players, in AF 
compared to soccer. 
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The distribution of everyday life handedness of the current sample of AF players 
based on the EHI (80.5% right-handed, 9.5% left-handed, 10.0% mixed-handed) 
differed from the general population reviewed by Gabbard and Iteya (1996) (84% 
right-handed, 6% left-handed, 10% mixed-handed), c2 (2, N = 410) = 11.63, p < 
0.005, j = 0.17, and the population of expert basketball players measured by Stöckel 
and Vater (2014) (73% right-handed, 10.3% left-handed, 16.6% mixed-handed), c2 (2, 
N = 410) = 15.58, p < 0.001, j = 0.19. There were more left-handers in the population 
of AF players compared to the general population. Notably, there were fewer mixed-
hand preference players, and a greater proportion of right-handed players, in AF than 
in basketball.  
 
Using AF-handball handedness, the distribution of sport-specific handedness of the 
current sample of AF players (65.1% right-handed, 9.0% left-handed, 25.9% mixed-
handed) differed from the population of expert basketball players measured by 
Stöckel and Vater (2014) (76.0% right-handed, 11.1% left-handed, 12.9% mixed-
handed), c2 (2, N = 410) = 61.31, p < 0.001, j = 0.39. Specifically, for sport-specific 
upper limb skills, mixed-handedness was more prevalent in the population of AF 
players compared to the professional basketball players. 
 
A one-way ANOVA revealed that for the between-groups factor of everyday life 
handedness, there was no significant difference between right-handed (M KLS = 2.0, 
SD = 0.58), left-handed (M KLS = 2.0, SD = 0.57) and mixed-handed (M KLS = 2.2, 
SD = 0.56) players in the extent of lateral preference for kicking (i.e. KLS), F(2,407) = 
0.942, p = 0.369. Thus, everyday life handedness was not associated with differences 
in the degree of lateral preference for AF kicking. 
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Likewise, for the between-groups factor of everyday life handedness, there was no 
significant difference between right-handed (M HLS = 1.3, SD = 0.72), left-handed 
(M HLS = 1.3, SD = 0.69) and mixed-handed (M HLS = 1.3, SD = 0.69) players in the 
extent of lateral preference for handball (i.e. HLS), F(2,407) = 0.069, p = 0.934. 
Similarly, everyday life handedness was not associated with differences in the degree 
of lateral preference for AF handball. 
4.4.2. Degree of lateral preference for different AF skills 
Figure 9 illustrates the mean laterality scores for different AF skills. A paired t-test 
between KLS (M = 2.0, SD = 0.57) and HLS (M = 1.3, SD = 0.71) showed that 
players indicated a stronger preference for their preferred side when kicking as 
compared to handballing (p < 0.001, M difference in laterality score = 0.73, 95% CI = 
0.65-0.80). Likewise, a paired t-test between KLS Mark (M = 2.5, SD = 0.60) and 
KLS Pressure (M = 1.5, SD = 0.86) showed increased asymmetry in lateral preference 
when players could take 15 seconds to execute a kick compared to those performed 
without this time advantage (p < 0.001, M difference in laterality score = 1.04, 95% 
CI = 0.95-1.13). Finally, a paired t-test between Long HLS (M = 1.9, SD = 0.92) and 
Short HLS (M = 0.7, SD = 0.79) showed increased asymmetry in lateral preference for 
handballs performed over longer distances (p < 0.001, M difference in laterality score 
= 1.27, 95% CI = 1.17-1.36). 
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Figure 9. Laterality scores according to disposal type and game context. Error bars 
show one standard error. 
 
4.4.3. Comparison of player views on bilateral kicking and handball, and injury 
 
Error! Reference source not found. reports mean scores for player views on the 
importance of bilateral skill for AF kicking and handball, between-side similarity of 
skill in AF kicking and handball, and concern for injury to various parts of the body. 
Players valued the importance of bilateral handball skill more highly than bilateral 
kicking skill, although the difference was small (t(409) = -4.63, p < 0.001 , d = 0.23; 
M difference in importance score = 0.23, 95% CI = 0.13-0.32). Players reported 
greater similarity between their two hands in relative skill compared to their two feet 
(t(409) = -12.7, p < 0.001 , d = 0.63; M difference in asymmetry score = 1.0, 95% CI 
= 0.85-1.16). Players also reported greater concern for the injury to the preferred 
compared to the non-preferred side (Feet: t(409) = 8.10, p < 0.001 , d = 0.40; M 
difference in injury concern = 8.8, 95% CI = 6.66-10.92; Hands: t(409) = 10.80, p < 
0.001 , d = 0.53; M difference in injury concern = 10.4, 95% CI = 8.49-12.27). 
Finally, players reported greater concern for injury to the feet compared to the hands 
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(t(409) = -14.77, p < 0.001 , d = 0.73; M difference in injury concern = 27.0, 95% CI 
=23.4-30.6) and for injury to the back and head compared to the hands (t(409) = -
13.49, p < 0.001 , d = 0.67; M difference in injury concern = 30.1, 95% CI =25.7-
34.5). The difference in concern for injury to the feet compared to the back and head 
was not significant (t(409) = -1.18, p =0.17 , d = 0.07). 
Table 1. Paired comparisons of mean scores from different AUFLQ questions.  
 Mean SD 
Likeness feet (0 to 7) 3.5* 1.2 
Likeness hands (0 to 7) 4.5* 1.4 
Importance feet (0 to 7) 6.3* 1.0 
Importance hands (0 to 7) 6.5* 0.7 
Injury concern pref hand (0 to 100) 56.2* 29.5 
Injury concern non-pref hand (0 to 100) 45.8* 26.4 
Injury concern pref foot (0 to 100) 68.9* 27.8 
Injury concern non-pref foot (0 to 100) 60.1* 26.5 
Injury concern hands (o to 200) 101.9* 52.5 
Injury concern feet (0 to 200) 129.0* 49.5 
Injury concern hands (0 to 200) 101.9* 52.5 
Injury concern back & head (0 to 200) 132.0* 61.6 
Injury concern feet (0 to 200) 129.0 49.7 
Injury concern back & head (0 to 200) 132.0 61.2 
* indicates that the mean score for one item in the pair was significantly different to 
the mean score for the other item (p < 0.05). 
 
Players were given the opportunity to add any comments they felt relevant to the 
development of laterality in AF. Very few academy players added comments, 
  103 
however most of the professional players did (see Appendix C). Three main themes 
emerged: 
1) There has been a lack of enthusiasm from coaches for the development of non-
preferred kicking skill as a professional player. 
2) The development of bilateral handball skill was regarded as an important skill. 
3) There are potential advantages available to players who have developed 
bilateral kicking skill. 
 
Table 2 reports Pearson correlations between questions assessing the importance of 
bilateral skills in AF. Where coaches encouraged non-preferred kicking, non-
preferred handball coaching also tended to occur. Players tended to concur on the 
importance of bilateral hand and foot skills and encouragement from coaches to 
develop bilateral skills was associated with increased self-reported between-side 
performance symmetry.  
 
In addition to the analysis reported in Table 2, negative correlations were observed 
between ‘likeness of feet’ and ‘kick laterality score’ (r = -0.403, p < 0.01) as well as 
between ‘likeness of hands’ and ‘handball laterality score’ (r = -0.313, p < 0.001). 
Players who reported greater similarity in skill level between the right and left side in 
upper and lower limb tasks also reported greater bilateral symmetry of lateral 
preference in AF handball and kicking. 
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Table 2. Pearson correlations between questionnaire items related to coaching and 
non-preferred AF skill. 
 Proportion of 
coaches 
encouraging 
NP kicking 
Proportion 
of coaches 
encouraging 
NP HB 
Likeness 
of feet 
Importance 
of bilateral 
foot skill 
Likeness of 
hands 
Proportion of coaches 
encouraging NP HB 
0.502**  
 
  
Likeness of feet 0.158** 0.044    
Importance of 
bilateral foot skill 
0.231** -0.049 0.183**   
Likeness of hands 0.085 0.256** 0.212** -0.123*  
Importance of bilateral 
hand skill 
0.102* 0.173** 0.039 0.360** 0.170** 
NP: non-preferred. HB: handball. * p < 0.05, ** p < 0.001 
 
4.4.4. Differences between age groups 
Figure 10 illustrates the mean scores for the importance attributed to bilateral skills by 
players of different age groups, and the self-reported symmetry of skill between sides. 
A one-way ANOVA was conducted to determine if players’ self-reported asymmetry 
in kicking skill between their two feet (‘likeness of feet’) was different for different 
age groups. ‘Likeness of feet’ score was significantly different between age groups, 
F(8, 401) = 2.55, p < .05, ω2 = 0.048. There was a significant linear trend, F(1, 401) = 
12.65, p < .001, indicating that symmetry in kicking skill decreased for older age 
groups. Tukey post hoc analysis revealed that senior players (M likeness of feet = 2.9) 
reported less symmetry of kicking skill than U11 players (M likeness of feet = 3.8, M 
difference = 0.9, 95% CI (0.09 to 1.66), p < 0.05), U12 players (M likeness of feet = 
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3.7, M difference = 0.8, 95% CI (0.12 to 1.55), p < 0.01) and U14 players (M likeness 
of feet = 3.6, M difference = 0.7, 95% CI (0.01 to 1.46). No other group differences 
were statistically significant.  
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Figure 10. Mean scores for the importance attributed to bilateral skills by players of 
different age groups, and the self-reported symmetry of skill between sides. 
 
A one-way ANOVA was conducted to determine if the importance players attributed 
to bilateral kicking skill differed between different age groups. ‘Importance of feet’ 
score was statistically significantly different between age groups, F(8, 401) = 13.92, p < 
0.001, ω2 = 0.22. There was a significant linear trend, F(1, 401) = 63.69, p < .001, as 
well as a significant quadratic trend, F(1, 401) = 44.51, p < .001, as seen in the turning 
down of the function after age 16. Tukey post hoc analysis revealed that senior 
players (M importance of feet = 5.0) felt that bilateral kicking skill was less important 
than U11 players (M importance of feet = 6.4, M difference = 1.4, 95% CI (0.77 to 
1.98), p < 0.001), U12 players (M importance of feet = 6.4, M difference =1.4 , 95% 
CI (0.84 to 1.93), p < 0.01), U13 players (M importance of feet = 6.6, M difference = 
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1.6, 95% CI (1.01 to 2.12), p < 0.01), U14 players (M importance of feet = 6.6, M 
difference = 1.6, 95% CI (1.06 to 2.17), U15 players (M importance of feet = 6.5, M 
difference = 1.5, 95% CI (0.92 to 2.15), p < 0.01), U16 players (M importance of feet 
= 6.6, M difference = 1.6, 95% CI (1.0 to 2.30), p < 0.01), U17 players (M importance 
of feet = 6.1, M difference = 1.1, 95% CI (0.31 to 1.93), p < 0.01), and U18 players 
(M importance of feet = 6.0, M difference = 1.0, 95% CI (0.31 to 1.77), p < 0.01). No 
other group differences were statistically significant. 
 
A one-way ANOVA was conducted to determine if players’ self-reported asymmetry 
in handball skill between their two hands (‘likeness of hands’) was different for 
different age groups. ‘Likeness of hands’ score was statistically significantly different 
between age groups, F(8, 401) = 7.3, p < .001, ω2 = 0.13. There was a significant linear 
trend, F(1, 401) = 42.7, p < .001, as well as a quadratic trend, F(1, 401) = 9.70, p < .005, 
with the turning up of the function in this case indicating greater perceived likeness 
after age 16. Tukey post hoc analysis revealed that senior players (M likeness of 
hands = 5.8) reported more symmetry of handballing skill than U11 players (M 
likeness of hands = 4.2, M difference = 1.6, 95% CI (0.71 to 2.44), p < 0.001), U12 
players (M likeness of hands = 4.2, M difference = 1.6, 95% CI (0.74 to 2.31), p < 
0.001), U13 players (M likeness of hands = 4.3, M difference = 1.5, 95% CI (0.65 to 
2.23), p < 0.001), U14 players (M likeness of hands = 4.4, M difference = 1.4, 95% CI 
(0.60 to 2.20), p < 0.001), U15 players (M likeness of hands = 4.0, M difference = 1.8, 
95% CI (0.86 to 2.61), p < 0.001), U16 players (M likeness of hands = 4.6, M 
difference = 1.2, 95% CI (0.25 to 2.11), p < 0.005) and U17 players (M likeness of 
hands = 4.3, M difference = 1.5, 95% CI (0.31 to 2.62), p < 0.005). No other group 
differences were statistically significant.  
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A one-way ANOVA was conducted to determine if the importance players attributed 
to bilateral handball skill differed between different age groups. The ‘importance of 
hands’ score was significantly different between age groups, F(8, 401) = 2.34, p < 0.05, 
ω2 = 0.05. There was a significant linear trend showing that the importance players 
attributed to bilateral handball skill increased across age groups, F(1, 401) = 8.46, p < 
0.005, but Tukey post hoc analysis revealed no significant group differences between 
individual age groups (all p > 0.05). 
4.5. Discussion 
This study examined the distributions of handedness and footedness amongst a group 
of sub-elite junior and professional AF players and collected opinions and 
observations from these players on the perceived importance of the non-preferred side 
in AF kicking and handballing. Hypothesis 1a) stated that the distribution of everyday 
life handedness would not differ from the general population, while 1b) predicted 
there would be a lower frequency of mixed-footed skill in AF players compared to 
soccer and a higher frequency of mixed-handed skill compared to basketball. 
Distributions of AF kicking footedness, everyday life handedness and AF-handball 
handedness demonstrated that compared to other sporting populations, this sample of 
AF players had a lower frequency of self-reported mixed-footedness (Carey et al., 
2009; Grouios et al., 2002b), a lower proportion of mixed handedness for everyday 
life activities (Stöckel & Vater, 2014) and a higher incidence of self-reported mixed-
handedness for sport-specific upper-limb skills (Stöckel & Vater, 2014). High 
volumes of bilateral practice have been shown to modify both performance 
asymmetry for specific movements, and manual preference for tasks unrelated to 
those practised (Akpinar, 2015; Maeda et al., 2014). Here, handedness for everyday 
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tasks (i.e. EHI) was not associated with the extent of lateral preference for either 
kicking or handball AF skills. Further supporting a dynamic view of laterality, this 
suggests that the reduced level of lateral bias reported for AF handball skills is a 
sport-specific modification to limb selection preferences, driven by an imperative for 
high-speed play during congested situations in games (Norton, 2016; Stöckel & 
Weigelt, 2012; Woods et al., 2017). 
 
Hypothesis 2a) stated that asymmetry of preference would be greater for kicking than 
handball skills while 2b) predicted that side preference for executing skills with 
greater time-constraint demands would be more symmetrical. Indeed, laterality scores 
were greater for kicking (average KLS = 2.0) than handball (average HLS = 1.3). For 
AF kicking skills, players reported a greater unilateral bias in preference compared to 
AF handball skills. It appears that the decreased preferred-hand bias in AF handball 
skills reported by this population did not generalise to preference for lower-limb AF 
kicking skills (Stöckel & Vater, 2014). Game rules allowing players a free kick after 
marking (catching) the ball are likely to influence the increased asymmetry observed 
in kicking preference, because the demand for fast disposal by foot is reduced 
(Gronow et al., 2014). The context-dependent nature of lateral preference is further 
supported by the observation of lower asymmetry for kicks made under external time 
constraints (‘KLS pressure’ = 1.5) compared to those made after a mark (‘KLS mark’ 
= 2.5). These findings support those found in elite soccer, where set-piece kicks are 
executed almost exclusively using the preferred side (Carey et al., 2009), and 
emphasise the importance of task characteristics in the development of sport-specific 
motor preferences (Provins, 1997b). 
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Hypothesis 3 was divided into three parts. Hypothesis 3a) stated that players and 
coaches would regard the development of bilateral handball skill as more important 
than bilateral kicking skill. Results reveal a consistent theme indicating that symmetry 
in hand skill and use is perceived to be more important in the professional AF game 
than is symmetrical kicking skill. Player and coach comments also indicate a belief 
that bilateral symmetry is easier to achieve for handball performance compared to 
kicking. There are strong cultural influences on the development of right-handedness 
(Goble & Brown, 2008a). Indeed, in this AF organisation there appeared to be 
coaching influences working towards developing bilateral handball skill while 
simultaneously discouraging bilateral kicking, indicating a potential misalignment 
between research and practice (Ball, 2011; Parrington et al., 2015a). These player and 
coach beliefs may be well founded, however, since the development of bilateral skill 
for the whole-body activity requiring fine control of multiple degrees of freedom in 
AF-kicking is likely to be more complex and time-consuming than the movement skill 
of AF-handball (Ball, 2008; Parrington et al., 2014; Smith, 2003; Yarrow et al., 2009). 
Given the constraints on available training time, practice aimed at increased unilateral 
specialisation in kicking skill may be the optimal approach (Uzoigwe, 2013). Further, 
hypothesis 3b) stated that players would report greater symmetry in bilateral handball 
skill compared to kicking skill. Greater prioritisation of bilateral handball skill, 
coupled with potentially less demanding skill acquisition requirements, could lead to 
greater self-efficacy and trust in the non-preferred side for handball skill compared to 
kicking (George, 1994). Finally, hypothesis 3c) predicted players would report more 
concern for injury to their preferred compared to their non-preferred side. Results 
confirmed this prediction in relation to hands (mean concern for injury: preferred side 
= 56.2, non-preferred side = 45.8) and feet (mean concern for injury: preferred side = 
  110 
68.9, non-preferred side = 60.1). This likely reflects a recognition by players that 
injuries causing a reduction in skill effectiveness may diminish their value to a team 
and probability of team selection (Roderick et al., 2000). Gross motor movements 
such as running and jumping are also threatened by lower limb injuries, influencing a 
player’s capacity train and play. 
 
Finally, hypothesis 4 predicted that compared to junior players, professionals would 
report greater asymmetry of preference for kicking skills, but lower levels for 
handball. The results indicate that sport-specific AF hand skill is developing towards 
greater symmetry of preference and self-reported skill, whereas sport-specific AF foot 
skill appears to be developing towards asymmetry. This pattern of development in AF 
handball skill contrasts with the generally observed ontogenetic profile towards 
greater asymmetry in manual skill and suggests there is potential for modifying lateral 
preferences in spite of strong biological influences towards side dominance (Pedersen 
& Vereijken, 2003). 
Limitations 
Questionnaires that assess side preference do not assess actual performance 
differences for specific movement skills (Akpinar et al., 2015). For example, the 
reported arm preference patterns may validly reflect more symmetrical task 
performance in AF handball (Akpinar et al., 2015), but this should be assessed by 
further study of performance. Carey et al. (2009) highlighted the potential weakness 
in assessing sport-specific on-field preference behaviour using questionnaires. The 
self-reports in this study may reflect an attempt by players to conform with the values 
communicated to them by their coaches. 
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Classification of handedness and footedness as discrete variables has also been 
criticised on the basis that a continuous measure of performance may be preferable to 
reveal the features of sidedness (Annett, 2002). 
 
While the questionnaire items examining AF-kicking included six different kick 
types, the handball questions examined only two contexts (i.e. ‘short’ and ‘long’ 
handball). An increased variety of handball situations may provide more nuanced 
information. 
 
The distribution of sport-specific handedness of AF players was compared with data 
on sport-specific handedness from a contemporary population of elite basketball 
players (Stöckel & Vater, 2014). However, when comparing sport-specific footedness 
in AF and soccer players, the most recent data reporting foot preference patterns in 
elite soccer players was Grouios et al. (2002b). Technical performance patterns in 
elite soccer matches have evolved over the last 10 years (Barnes et al., 2014), 
potentially influencing the pattern of kicking footedness in games. 
 
Finally, the sample was taken from a single professional AF club and the number of 
professional players was limited. Player and coach views of sport-specific laterality 
may vary within other organisations, just as game styles and coaching philosophies 
vary between teams (Wallace & Norton, 2014). Similarly, coaches of different age 
groups within the club’s academy, and in the senior club, are likely to exert a dynamic 
influence on how players view the development of bilateral kicking and handball skill 
(Bailey et al., 2010). Future work could examine how coaches, family members and 
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other parties influence the development of sport-specific laterality, using extended 
interviews and/or open-ended questionnaires. 
Practical Implications 
The influence of cultural8 beliefs on behavioural side preference are well documented 
(Kushner, 2013). Within this sample of AF players and coaches there appeared to be a 
cultural bias that the development of bilateral handball skill is more important to AF 
performance than bilateral kicking skill. This suggests the potential for examining the 
development of bilateral kicking skills within the population through a targeted 
intervention.	 Non-preferred-kicking skill would be assessed initially; a subsequent 
training intervention aimed at improving kicking skill on the non-preferred-leg could 
then compare distinct training protocols. If demonstrable performance improvements 
could be achieved with relatively minor changes to the weekly skill training 
programme (Farrow & Ball, 2011), group beliefs concerning the capability and value 
of improving non-preferred-kicking skill could be influenced (Carson & Collins, 
2015). 
4.6. Conclusion 
A unique feature of the current findings is the reporting of lateral preference profiles 
for both upper- and lower-limb sport-specific skills in the same individuals within a 
single sport. Cultural and coaching influences appear to support the development of 
non-preferred-side skills in AF handball, but not in AF kicking. Compared to 
populations of basketball and soccer players, there was an increased prevalence of 
mixed-handedness and reduced frequency of mixed-footedness, respectively, for AF 
                                                
8 Culture is considered here as “a dynamic process characterised by the shared values, 
beliefs, expectations and practices across the members and generations of a defined 
group” (Cruickshank & Collins, 2012). 
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sport-specific skills. Handedness for everyday activities was not associated with AF-
specific lateral preferences. The results support a dynamic, context-dependent view of 
lateral preference, and highlight the challenge of achieving a greater level of mixed-
footedness. 
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Chapter 5: Study 3: Laterality frequency, team familiarity, and game 
experience affect kicking-foot identification in Australian football players. 
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5.1. Abstract 
This study examined whether laterality frequency, team familiarity, and game 
experience affected preferred Kicking Foot Identification in professional Australian 
football players. Using a repeated-measures experimental design, 13 and 10 players 
respectively identified the kicking foot of 30 teammates and 30 opponents using static 
images in a randomised sequence. Accuracy (%), reaction time (RT ms) and 
discrimination capability (AUC) indices were examined. Overall, participants were 
less accurate and had slower RTs when identifying the kicking foot of opposing team 
players relative to the speed and accuracy of identifying teammates. Significantly 
lower discrimination accuracy was also evident in participants’ capability to identify 
left-footed players from two different opposing teams. In these moderating trends, 
opposing player game experience was correlated with accuracy and reduced RTs, 
whilst participant game experience correlated with reduced RTs only. Laterality, 
(opposing) team familiarity, and game experience affect Kicking Foot-ID in 
Australian football with training and performance implications. 
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5.2. Introduction 
Research in perceptual-cognitive sport expertise has consistently demonstrated 
superior acquired characteristics in highly experienced or expert performers relative to 
intermediates or novices (Abernethy et al., 2012; Mann et al., 2007). These include a 
greater ability to anticipate and predict the physical movements of an opponent (Mann 
et al., 2007), better recognition of emerging patterns of play (Smeeton et al., 2004) 
and superior capability to predict the location and directional outcome of movement 
or projectiles (Loffing et al., 2012b). In both team and individual sport contexts, it is 
visual and perceptual domain exposure along with the development of sport-specific 
knowledge and memory (Roca et al., 2013) accumulated via extensive training and 
competition that appear critical to perceptual-cognitive skill. Support for this notion is 
also derived from situations of low perceptual familiarity and when highly 
experienced performers lose their perceptual-cognitive advantage with potential 
performance costs (Loffing et al., 2015); and research in laterality (or hand or foot 
preference) also supports this position (Hagemann, 2009). 
 
Amongst the general population, there is a lower frequency of left-handers or left-
footers, yet an overrepresentation occurs in several elite sport contexts (Raymond et 
al., 1996). When faced with less frequent left-handed opponents, a compromised 
ability to anticipate shot outcome has been observed in tennis (Hagemann, 2009), 
handball goalkeeping (Schorer et al., 2012), and volleyball (Loffing et al., 2012b). 
Similarly in team sports, Baumann et al. (2011) for example, identified that 76% of 
left-footed penalties were successful compared to 72% of right-footed in the German 
Bundesliga between 1995-2007. The benefit for left-handers/footers has collectively 
been termed the negative frequency-dependent advantage hypothesis (Raymond et al., 
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1996), and suggests performance advantages gained from perceptual-cognitive 
experience are dependent upon the frequency and similarity of the movements and 
actions being observed and analysed (Loffing et al., 2015).  
 
The significance of laterality associated movement, and the ability to identify and 
respond to it is evident in many sporting contexts, whether individual (e.g. tennis 
Loffing et al., 2010a), combative (e.g. boxing (Grouios et al., 2000; Raymond et al., 
1996)) or team-based (e.g. AF or soccer). In AF, perceptual-cognitive skills are 
particularly important (Farrow et al., 2008) as players continuously interact with 
opponents and teammates at different distances when executing a kick, evading a 
tackle (Bradshaw et al., 2011) or when receiving or defending a pass (Steel et al., 
2011). Players need to make fast and accurate perceptual and anticipatory judgments 
in time-constrained conditions in regard to player and ball movements as the game 
unfolds (Williams, 2009). Although both lateral sides can be used for kicking and 
handling in AF (Parrington et al., 2015a), most elite players exhibit a strong 
‘footedness’ preference (Ball, 2011) and coaches expect the dominant foot to be used 
in most instances (Farrow & Ball, 2011). The frequency of left-footed players in AF is 
estimated to be approximately 20%, based on the number of professional players to 
have made at least one first-grade appearance during the 2015 season (Champion 
Data, 2015), and so this may provide frequency dependent (dis)advantages.  
 
In the absence of knowledge regarding kicking-foot preference, the reliance on using 
‘present time’ player biological motion to identify and make decisions may lead to 
missed opportunities for early identification and recognition as well as incorrect 
interpretation (Ward & Williams, 2003). Likewise, attention may be incorrectly 
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allocated at particular time points (Causer & Williams, 2015; Loffing et al., 2015) and 
situational probabilities (or heuristics) based on prior experience cannot be utilised to 
make anticipatory judgments (Farrow & Reid, 2012). These concerns are likely more 
pertinent in less experienced players, who are less able to extract meaning from 
kinematics for forthcoming movements (Steel et al., 2006). Therefore, a player’s 
default option - based on lower frequencies and experience - may be to assume that an 
opposing player has a right-foot kicking preference; even though this may be costly in 
terms of inaccurate or slower recognition in game situations (Loffing et al., 2015). To 
illustrate, Figure 11 highlights the occurrence and consequence of such an error in a 
professional AF game. The offensive player has time and space to kick with the 
preferred left-foot after the defender incorrectly assumes or inaccurately identifies a 
right-footed kick. Such perceptual-cognitive error can lead to detrimental performance 
outcomes (e.g. points conceded), hence determining whether players are less accurate 
or slower in recognising the less frequent left-footed players is practically significant 
(Abernethy et al., 2001), and trying to prevent such errors may be beneficial.  
 
The aim of this study was to determine whether professional AF players’ accuracy, 
reaction time, and discrimination of ‘Kicking Foot’ identification (Kicking Foot-ID) 
was affected by left- v right-footer frequencies, team-mates v opposing team 
members, and game experience. As kicking foot preferences are unevenly distributed 
and familiarity is acquired over time, our Hypothesis 1 stated participants would be 
less accurate, and slower in identifying left-footers. Hypothesis 2 predicted 
participants would be more accurate, faster, and more capable in identifying the 
preferred kicking-foot of teammates than opposing players. Hypothesis 3, then 
predicted that game experience would moderate these capabilities, leading to better 
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accuracy, lower RTs, and an enhanced capability to discriminate the preferred kicking 
foot used by opposing players. Likewise, opposing players with more game 
experience would be more accurately and quickly identified.  
 
Figure 11. Illustration of Kicking-Foot identification error in professional AF. (a) The 
defender preparing to ‘man-the-mark’ goes towards the right shoulder of the opposing 
player. He is expecting the opponent to swivel right and use his right foot for kicking. 
(b) The attacking player receives the ball and steps to his left. The defender is still 
moving towards the right shoulder of the attacker. (c) The attacking player now 
prepares to kick using his left foot. The defender is out of position and cannot react 
quickly enough to tackle and prevent a ‘left-foot’ kick. (d) The attacking player makes 
a successful forward kick using his left foot. 
 
5.3. Method 
The study procedure was undertaken on two separate occasions during the final third 
of an AFL season. Different participant groups were used on each occasion, and 
participation in either Part 1 or 2 of the study was aligned to those players selected to 
play against the upcoming opposing team in that week of the season (i.e. Opponent 1 
or Opponent 2). 
5.3.1. Participants 
Following University ethics committee approval, 13 (M age = 26.8 years, SD ± 4.06) 
and 10 (M age = 27.0, SD ± 2.88) male AF players respectively, from a professional 
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football club, participated in parts 1 and/or 2 of the study (3 participated in both 
parts). Participants had varying levels of ‘first-grade’ AF competition experience 
(Opponent 1 participant group - M games played = 122.6, SD ± 80.4; Opponent 2 
participant group - M = 117.4, SD ± 82.6). At the time of data collection, all 
participants were adhering to club training, competing in the regular season, and were 
healthy and free from injury.  
5.3.2. Procedure 
Participants completed a standardised 15-minute Kicking-Foot Identification (Kicking 
Foot-ID) video task using a 38cm notebook monitor (ACER Aspire 9420). In a quiet 
room, seated one metre from a computer screen positioned at eye-level, participants 
were shown a randomised sequence of 60 player photos that included 30 teammates 
and 30 upcoming opposing team players. Opposing players were randomly integrated 
with the participants’ own team players. Opponent players were chosen for the 
sequence on the basis of those players most frequently selected in the team’s playing 
squad up to that point in the season. Figure 12 provides a hypothetical randomised 
sequence illustration of player video presentation. Participants had to identify as 
accurately and quickly as possible, the kicking-foot preference (i.e. left or right-
footed) of each player. Kicking-foot preference was determined using the player 
profiles held by Champion Data Statistics (Champion Data, 2015).  
 
The colour photographs of teammates and opposing team members were obtained 
from publicity shots on respective club websites. All were similar in style, displaying 
head and shoulders and wearing the standard club playing shirt. Adobe Premier Pro 
1.5 software (Adobe Systems Incorporated, San Jose, CA, USA) was used to edit and 
randomise photos into the video sequences. This process occurred twice, once for 
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Opposition Team 1 and again for Opposition Team 2. The Kicking Foot-ID task was 
initiated with an introduction slide (i.e., 15 sec) followed by the 60 photos. Each 
started with a blank screen (2 sec), followed by a notice ‘Subject #’ (3 sec), and then 
the player photograph (1 sec; width 16.5 cm, height 18 cm). The sequence finished 
with an ‘End of Test’ notice (i.e., 10 sec). Video total duration was 6 mins and 25 sec. 
Seven of thirty “Own Team” players (i.e. 23%), nine of thirty in Opposition Team 1 
(30%) and six of thirty in Opposition Team 2 (20%) were left-footed.  
 
Opponent 1 
! ! ! ! ! ! !
Player 1 Player 2 Player 3 Player 4 Player 5 Player 6 Player 7 
OwnT-RF OppT-RF OwnT-RF OwnT-RF OppT-RF OppT-LF OwnT-RF !  
Opponent 2 
! ! ! ! ! ! !
Player 1 Player 2 Player 3 Player 4 Player 5 Player 6 Player 7 
OwnT-RF OppT-RF OwnT-LF OwnT-RF OppT-LF OppT-RF OppT-RF !  
Figure 12. Diagrammatic and hypothetical illustration of randomised sequence 
presentation for the first 7 photographs for Opponent 1 test and Opponent 2 test with 
Own Team players inter-dispersed (note: each player’s head and shoulders were 
included in the actual presentation). 
 
 
 
A latency-timing box (Steel et al., 2006) captured participant responses. The box 
panel consisted of a central home key (starting position) and six equidistant (i.e. 5.18 
cm) response certainty keys, arranged adjacent and in a semi-circular pattern. 
Participants applied dominant hand index finger pressure on the home key and 
responded by moving to a choice key as quickly as possible. The three key choices to 
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the right represented levels of certainty for a right-foot identification decision (i.e., 
RF-LC = Right Foot - Low Certainty; RF-MC = Right Foot - Medium Certainty; RF-
HC = Right Foot - High Certainty), while the three keys to the left represented 
certainty levels for a left-foot decision (LF-LC = Left Foot - Low Certainty; LF-MC = 
Left Foot - Medium Certainty; LF-HC – Left Hoot - High Certainty). The latency-
timing device enabled valid measurement of Response Accuracy, Reaction Time (i.e., 
initial release of pressure from home key), and Response Certainty. As part of the 
device, a light sensor placed onscreen activated an external millisecond timing device 
connected to both the laptop and latency apparatus (Steel et al., 2006). This timer 
avoided software interruptions and guaranteed millisecond accuracy of latencies. All 
data were transmitted and stored using purpose written software (RL-Timer V1.0, 
University of Sydney, Australia). 
 
Participants completed the Kicking Foot-ID task in an afternoon two days prior to an 
upcoming game at a time representing the transition point between recovery from a 
prior game and approaching game preparation. This point was prior to any coach-led 
meetings, video review or preparation, or team-specific preparatory training sessions. 
Following task completion, a brief semi-structured interview confirmed whether 
players experienced any difficulties and whether they had undertaken any form of 
preparation toward the up-coming game. No players reported difficulties or prior 
preparation.  
5.3.3. Data analysis 
Accuracy & Latency (Reaction Time). Kicking Foot-ID accuracy (% correct) and 
latency (RT ms) were analysed separately using a two-factor Repeated Measures 
  123 
(RM) ANOVA, with the factors of Foot (Left-Right) and Team (Own-Opposition) 
entered as independent variables.  
Foot Preference Discrimination: Receiver Operating Curve (ROC) Analysis. To 
assess participant capability in Kicking Foot-ID, a non-parametric signal detection 
Receiver Operating Curve (ROC) analysis was used (Swets et al., 2000). Left-footers 
were considered as signals and right-footers as noise, and decision certainty levels 
represented different response cut-offs; that is, increasing levels of certainty of the 
stimulus being a signal. Data was entered into the ROC sub-routine within SPSS 
(Version 22.0 SPSS, Inc., Chicago, IL). Preferred foot (i.e., ‘left or right-footer’) was 
entered as a state variable and certainty rating entered as the continuous variable. The 
ROC routine generated an area under the curve (AUC) value for each participant 
reflecting accuracy and certainty, with 0.5 representing chance and 1.0 representing 
perfect Kicking Foot-ID discrimination. A paired t-test analysed the difference 
between AUC scores for Own-Team and Opposition-Team members. 
Game Experience. To determine whether player game experiences affected preferred 
Kicking Foot-ID, Pearson’s correlations examined whether participants’ own 
professional game experience (i.e., AF games played), and the number of games 
played by an opponent were correlated with Kicking Foot-ID accuracy, RT, and 
discrimination capability. 
5.4. Results 
Mean accuracy and RT responses according to Preferred Kicking Foot and Own and 
Opposing Team members are summarised in Figure 13 and Figure 14 respectively.  
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5.4.1. Accuracy of Kicking Foot Identification (KF-ID) 
Opponent 1. RM-ANOVA for Kicking Foot-ID Accuracy for Opponent 1 revealed 
significant main effects for Foot, F(1, 12) = 101.53, p < 0.001, hp2  = 0.89 and Team, 
F(1, 12) = 115.48, p < 0.001, hp2  = 0.91. Identification accuracy was lower when 
participants attempted to identify left-footed players, and when they attempted to 
identify the kicking foot of opposition players. Likewise, there was a Foot x Team 
interaction, F(1, 12) = 103.33, p < 0.001, hp2  = 0.90. The reduction in identification 
accuracy when viewing left-footers relative to right-footers was greater for 
participants when they viewed opposing team members compared to when viewing 
teammates. 
Opponent 2. RM-ANOVA revealed that while mean patterns were close to 
significance, no main effect for Foot was evident, F(1, 9) = 3.94, p = 0.08, hp2  = 0.30, 
or the interaction, F(1,9) = 4.432, p = 0.07, hp2 = 0.33. However, a main effect for 
Team was evident, F(1, 9) = 7.97, p < 0.05, hp2  = 0.47. Identification accuracy was 
lower when participants attempted to identify the kicking foot of opposition players. 
5.4.2. Latency of KF-ID (Reaction Time) 
Opponent 1. In terms of Reaction Time in Kicking Foot-ID, RM-ANOVA identified 
no main effect for Foot, F(1,12) = 1.56, p = 0.24, hp2  = 0.12, though a significant main 
effect for Team was apparent, F(1, 12) = 25.51, p < 0.001, hp2  = 0.68, with slower 
reaction times occurring when participants were responding to images of opposing 
players. There was no interaction, F(1,12) = 0.01, p = 0.91, hp2   = 0.001. 
Opponent 2. There was again no main effect for Foot, F(1,9) = 0.09, p = 0.77, hp2  = 
0.01, though there was a main effect for Team, F(1, 9) = 65.39, p < 0.001, hp2  = 0.88, 
with slower reaction times when recognising opposing players. The interaction was 
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significant, F(1, 9) = 5.62, p  < 0.05, hp2  = 0.39, as participants were faster in reacting 
to left-footers in Opposition 2 team members. This suggested something unique about 
Opposition 2, and a follow-up t-test revealed that career games played by Opposition 
2 members (M = 116.55, SD = 83.15) was significantly greater than Opposition 1 (M 
= 75.07, SD = 66.35; t(60) = -1.98, p < 0.05). The game differences specifically in 
left-footers was not significant, though the small sample size and descriptive statistics 
should be noted (i.e., Opponent 2 - M = 135.5 games; SD = 63.49; Opponent 1 - M = 
77.44 games; SD = 78.52). 
 
Figure 13. Mean response accuracy (% correct) of participants for identifying kicking 
foot preference when viewing images of team-mates (Own Team) and images of 
opposing team members (Opposition 1 & 2). 
 
5.4.3. Foot Preference Discrimination: ROC Analysis 
Opponent 1. ROC analysis produced AUC scores indicating the capability to identify 
left-footers from right-footers in the sample of players. A paired t-test between Own-
Team (AUC M = 1.0) and Opponent 1 (AUC M = 0.81) showed a significant 
superiority in the capability to identify left-footers amongst teammates relative to 
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opposing team members (p < 0.001, M difference in AUC = 0.19, 95% CI = 0.12-
0.25). 
Opponent 2. Similarly, the t-test for Own-Team (AUC M = 0.99) and Opponent 2 
(AUC M = 0.88) also showed a superior capability in identifying left-footers amongst 
teammates relative to Opposing team members (p < 0.05, M difference in AUC = 
0.11, 95% CI = 0.03-0.19). 
 
Figure 14. Mean reaction latency (ms) of participants for identifying kicking foot 
preference when viewing images of team-mates (Own Team) and images of opposing 
team members (Opposition 1 & 2). 
5.4.4. Game Experience 
Opponent 1. The number of games played by participants was not correlated with 
Kicking Foot-ID accuracy or associated with discrimination capability (i.e., AUC 
scores, r = 0.29, p = 0.33). However, games played was correlated with the average 
RT (i.e., left footers r = -0.59, p < 0.05; right-footers, r = -0.62, p < 0.05); that is, 
participant game experience was associated with faster RTs. When opposition 
members had more game experience, accuracy increased when participants attempted 
to identify left-footers (r = 0.71, p < 0.05) but not right-footers (r = 0.27, p = 0.12), 
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and average RTs reduced (i.e., left-footers, r = -0.72, p < 0.05; right-footers, r = -0.63, 
p < 0.005). 
Opponent 2. The number of career games played by participants was not correlated 
with Kicking Foot-ID accuracy, average RT or discrimination capability. Professional 
game experience in Opponent 2 members was not correlated with Kicking-Foot ID 
accuracy. However, it was associated with reductions in average RT for Kicking Foot-
ID for right-footers (r = -0.84, p < 0.005), but not left-footers.  
5.5. Discussion 
This study examined whether laterality frequency, team familiarity and game 
experience affected Kicking Foot-ID in a sample of professional AF players using a 
repeated-measures experimental design and indices obtained from a response latency 
device (Steel et al., 2006). Findings identified that for Opponent 1, professional AF 
participants were significantly less accurate, with strong effect sizes, in identifying 
left-footed than right-footed players, and that the accuracy of identifying the preferred 
foot was greater when viewing team-mates compared to when viewing opposing team 
members. By contrast, laterality did not affect RTs. In terms of identification accuracy 
and error rates, these findings provide partial support for Hypothesis 1, the frequency-
dependent hypothesis (Grouios et al., 2000; Raymond et al., 1996), and as such align 
with pre-existing literature suggesting that lower frequency encounters with left-
handers/footers could confirm identification accuracy performance advantages in 
selective sporting situations (Hagemann, 2009). That said, relationships have to be 
more carefully considered when reviewing results from Opponent 2.  
 
For Opponent 2, laterality did not affect accuracy despite being close to significance. 
Likewise, laterality did not affect RTs. However, the RT interaction was significant 
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with a moderate effect size. When participants attempted to discern the preferred foot 
of opponent left-footers, RTs were actually quicker than when viewing opposition 
right-footers; a finding which initially appears contradictory to our hypotheses and 
potentially challenges previous work such as Loffing et al. (2012b) on the advantage 
of left-sidedness in sport. Nonetheless, this might be explained by Opposition 2 
containing players with a significantly greater number of AF games played, who were 
part of a relatively stable team, and who were comparatively more successful 
(finishing higher in the AF league) in preceding seasons than Opposition 1 (i.e., 
reflecting higher familiarity). Correlations support this notion, as opponent team 
member game experience was associated with improved recognition accuracy and 
quicker identification. This would also concur with Loffing et al. (2015) observations 
who showed a skill-based difference in the ability to anticipate left-handed attacks in 
volleyball. Also, irrespective of being less common, left-footers in Opponent 2 were 
anecdotally more highly recognised AF players. 
 
With reference to Hypothesis 2, findings across both upcoming opponents expectedly 
showed participants were more accurate and had faster RTs with generally larger 
effect sizes for Kicking Foot-ID when viewing images of teammates (Teammates for 
Opponent 1: M accuracy = 99.84%, Teammates for Opponent 2: M accuracy = 
99.29%; Teammates for Opponent 1: Mean RT = 715.92 ms, Teammates for 
Opponent 2: M RT = 680.27 ms) compared to when viewing images of opposition 
players (Opponent 1: M accuracy = 73.30%, Opponent 2: M accuracy = 85.07%; 
Opponent 1: Mean RT = 1002.31 ms, Opponent 2: Mean RT = 859.57 ms). More 
accuracy errors and slower RT responses when identifying the preferred kicking foot 
of opponents indicates how perceptual familiarity and experience relate to 
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identification capability (Roca et al., 2013). Signal detection AUC scores also 
consistently indicated that participants were able to identify left-footers amongst 
teammates with more accuracy and certainty than left-footers for opponent 1 and 
opponent 2. It should also be noted that in some participants, their misclassification 
rate was close to chance and would not be deemed acceptable in other domains of 
elite sporting performance (Swets et al., 2000). So, whilst findings highlighted 
expected discrepancies in comparing Kicking Foot-ID capability when viewing own 
and opposing team members, it importantly also highlights the potential benefit that 
could be achieved by using a similar protocol to train less experienced players to 
improve their perceptual capability (in terms of quickly and accurately identifying 
footedness) when competing against less familiar opponents.  
 
Results also provided partial support for Hypothesis 3. For Opponent 1 (i.e., the team 
with less-experienced and less-familiar players), participant game experience did not 
mitigate against Kicking Foot-ID error, though experience was associated with faster 
RTs. However, more AF games played by opposing team members was associated 
with greater accuracy for identifying left-footed players and faster RTs in identifying 
both left- and right-footers. This is consistent with the view that accuracy and RT 
improvement can be accrued from opponent player familiarity and knowledge 
(Loffing et al., 2012a). Likewise, findings suggest that Kicking Foot-ID capability 
could be gained via structured video analysis or possibly incidental observation 
(Pizzera & Raab, 2012) (e.g. T.V. viewing), and perhaps is not necessarily dependent 
on in-game situational exposure (Causer & Williams, 2015; Roca et al., 2013; 
Williams et al., 2012). In the absence of familiarity, less experienced players appear 
more likely to be vulnerable to a default decision, where laterality frequency can be 
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influential (Loffing et al., 2010a). As emphasized, this can be a costly default error if 
the decision is incorrect, leading to potential performance consequences as shown in 
Figure 11 (Bradshaw et al., 2011; Farrow & Reid, 2012). 
 
The main limitation in the present study, and which is an ongoing challenge for 
perceptual-cognitive research generally, relates to the ecological validity of the 
Kicking Foot-ID procedure (Hagemann, 2009; Mann et al., 2007). It should be 
acknowledged that the Kicking Foot-ID task was developed to establish a 
standardised procedure that could feasibly be applied in the professional sport setting 
as opposed to aiming to simulate the visual and situational aspects of dynamic game-
play (Abernethy et al., 2001). As previously mentioned, visual information for 
kicking-foot identification in the AF game is likely to utilise body kinematics and 
biological motion (Farrow & Abernethy, 2003) and the nature of such information 
may also change according to game experience (Gorman et al., 2011), relative field 
position (Vaeyens et al., 2007) and numerous other contextual factors (Williams, 
2000). Notwithstanding, findings from the present study add to existing studies that 
have incorporated various methodological approaches. These include game or event 
statistics in laterality studies as well as video simulation and occlusion methods in 
sport expertise studies. Future investigations could examine the issue of Kicking Foot-
ID using life-size projections of truncated video footage, and/or an on-field testing 
procedure, if ecologically representativeness is a concern.  
Practical implications 
Task procedures and study findings highlight several potential practical implications. 
Firstly, the Kicking Foot-ID task and latency-timing device offers a portable, easy to 
use, short-duration procedure that could be implemented, adapted, and utilised in the 
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applied sport context. Secondly, testing and exposure to perceptually relevant player 
information, such as an opponent’s preferred kicking foot, may be beneficial for game 
preparation in team sport contexts. To support this assertion, Schorer et al. (2012) 
recently demonstrated that the negative frequency-dependent (dis)advantage observed 
when anticipating the outcome of penalty throws in handball goalkeepers could be 
overcome with systematic training. Novices with three consecutive days of hand-
specific (e.g. left-hand throwers only) video-based perceptual training led to laterality 
specific anticipation improvements. Thirdly, it is suggested that AF players with less 
experience or experienced players unfamiliar with particular opponents may gain 
most benefit from perceptual training and testing. This may provide beneficial transfer 
in specific performance situations such as Kicking Foot-ID in AF.  
5.6. Conclusion 
In two samples of professional AF players tasked with identifying the Kicking Foot of 
teammates and players from two opposing teams, findings highlighted that Kicking 
Foot-ID was affected by laterality frequency, team familiarity, and game experience. 
Participants made more errors and were slower when identifying the preferred kicking 
foot of opposing players who were (a) left-footed, (b) members of an opposing team, 
or (c) less familiar in general. These tendencies were moderated when opponent 
players were more familiar (e.g. Opposition 2) and had played a greater number of AF 
professional games. Findings suggest that perceptual training aimed at reducing 
Kicking Foot identification error and RT may be beneficial in improving the decision-
making capability of AF players.  
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6.1. Abstract 
‘Snap-kicks’ in Australian football occur when players can potentially score but are 
facing away from the goal, necessitating a kick across the body or over the opposite 
shoulder. In games, situations arise for both right- and left-foot snaps, but players 
often strive to use their preferred rather than non-preferred foot. We consider whether 
such a strategy is optimal and in this study examine whether foot-preference and task 
difficulty affect snap-accuracy. Accordingly, 27 elite AF players (19 ‘right-footers’, 8 
‘left-footers’) were tasked with executing snap-kicks at easy and more difficult 
(acute) angles using both feet. As expected, accuracy was greater with the preferred 
(76%) than the non-preferred foot (57%) and greater for easy (78%) than difficult 
kick angles (56%), however there were no accuracy differences due to player 
footedness. Surprisingly, given the relative difficulty, snap-kicks from the more 
difficult angle with the preferred foot could be made with a similar level of accuracy 
(67%) to kicks with the non-preferred foot from the easier angle (69%). Results 
suggest that using the non-preferred foot for snap-kicks at goal in appropriate 
situations during games could increase scoring affordances, and that training on the 
non-preferred foot may benefit individual and team performance.  
  
 
.  
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6.2. Introduction 
In sport and everyday tasks, the preferential use and superior performance of one 
dominant side is a well-established phenomenon (Elliott et al., 1999; Goble & Brown, 
2008b; Grouios, 2004; Woodworth, 1899). There appear to be strong reasons for 
sidedness, both biological (Corballis, 2009; Sainburg, 2002) and environmental 
(Vallortigara & Rogers, 2005). Approximately 90% of the population demonstrate a 
preference for their right hand in motor tasks (Goble & Brown, 2008b). Although 
appearing later in childhood than handedness (Gentry & Gabbard, 1995), a similar 
proportion favours the right side for manipulating an object with a lower limb (Peters, 
1988). Kicking movements are ideally suited to examining questions of cerebral 
lateralisation, since social pressures promoting dextrality may impact foot preference 
behaviour less than handedness (Gentry & Gabbard, 1995; Grouios et al., 2009; 
Peters, 1988). There is, however, a relative lack of research on foot performance and 
preference in sport (Carey et al., 2009). Further, existing research has considered 
laterality predominantly as a between-groups variable (right-handers vs. left-handers) 
and less often as a within-groups variable (preferred-side vs. non-preferred-side 
performance). 
 
Motor affordances for left-sided actions will likely be as frequent as those for right-
sided actions during a team game played on a symmetrical ground or court (Carey et 
al., 2009). Athletes should therefore be able to use both sides of their body equally 
well in sports such as basketball (Stöckel & Weigelt, 2012), rugby (Pavely et al., 
2009), soccer (Coren, 1992), futsal (Barbieri et al., 2015) and AF (Parrington et al., 
2015a). Indeed, bilateral ability in soccer has been linked to higher player 
remuneration (Bryson et al., 2013) as well as superior playing ability (Grouios et al., 
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2002a). While interactive sports could confer an advantage to players with a left-hand 
preference because they are encountered less frequently by opposing players 
(Grouios, 2004; Hagemann, 2009; Loffing & Hagemann, 2012), whether this left-side 
advantage extends to team sports involving kicking remains unclear. Based on an 
analysis of 9 games from the 1998 World Cup, Carey et al. (2001) suggested that the 
proportion of elite soccer players with a left-foot preference is similar to the general 
population. Conversely, Verbeek et al. (2017) recently reported that 31% of players 
selected in Dutch national youth soccer teams over a 5-year period were left-footed. 
Moore et al. (2017) demonstrated that left-footed opponents in AF were recognised 
less accurately and with less certainty than right-footers. Although asymmetrical 
motor skill performance is common, long-term practice such as that undertaken by 
professional athletes has the potential to shift an individual’s strongly lateralised 
preference (Provins, 1997b; Teixeira et al., 2011). For example, one study of high-
level soccer players demonstrated no difference in the accuracy of penalty kicks 
executed on the preferred and non-preferred foot (Nagasawa et al., 2011). 
 
AF nominally requires bilateral motor skills (Stöckel & Weigelt, 2012). However, 
most AF players exhibit a strong kicking foot preference and only 8% of kicks during 
the 2015 season were performed using the non-preferred foot (Champion Data, 2015). 
This reduced frequency of use may demonstrate a lack of trust or relatively poorer 
skill acquisition in the non-preferred foot (Bruce et al., 2012). Biomechanical 
measures available reflect this difference in motor skill. The preferred foot has been 
found to move faster than the non-preferred foot in the swing phase of AF drop punt 
kicks (Ball, 2011; Falloon et al., 2010; Smith et al., 2009) and to generate greater ball 
speed (Smith et al., 2009). Ball (2011) observed that players made more use of the 
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pelvis, knee and shank on their preferred leg, while the non-preferred leg produced 
more movement at the hip and thigh. These findings suggest that for the non-preferred 
side, players may lock some of the available degrees of freedom for movement and 
use a less efficient kicking pattern (Hodges et al., 2005; Vereijken et al., 1992). 
 
Both researchers and practitioners have asserted the need for more lateral symmetry in 
skill performance. One AF training manual (McLeod & Jaques, 2005) states that 
lower limb bilaterality in players allows them to be less predictable and to increase 
their scoring opportunities (Guilherme et al., 2015). The evolution of a more highly-
pressured game over the last 10 years (Woods et al., 2017), leaving players with less 
time for ball disposal before being tackled, makes flexibility and bilaterality valuable 
to the individual and for broader team performance. Nevertheless, professional AF 
players are still instructed to develop greater expertise and practice almost exclusively 
on their preferred foot (Farrow & Ball, 2011). It is suggested anecdotally that there is 
limited attention to laterality within AF at present and this is reflected at annual draft 
camps where agility tests favour individuals with a left-turn (i.e. right-foot) preference 
(Hart et al., 2014b). 
 
One method that skilled AF players use for goal-kicking is the ‘snap-kick’. Snap-
kicks are executed by holding the ball across the body and kicking the (oval) ball 
toward one end so that it spins in the air (about its axis) towards the intended target 
(Ball, 2010; Johnson, 2009). These kicks are often undertaken in a highly time-
constrained environment (Wheadon, 2008) and may need to be done with the non-
preferred foot. Wilson (2011) suggested that strongly lateralised players who turn 
away from goal in this situation resemble a canoe with only one paddle, because the 
  137 
use of the non-preferred foot never seems to be an option. Figure 15 highlights the 
occurrence of two opportunities during professional AF games where two players, a 
right-footer and a left-footer, had the opportunity to execute a snap-kick for goal with 
their non-preferred foot. In both cases, they turned away from goal and attempted a 
low-probability kick (i.e., with high risk of failure) from the outside of their preferred 
foot, in each case missing the goal and turning over possession. During the 2015 AF 
season, 22% (1,742/8,340) of shots for goal were executed using a snap-kick 
(Champion Data, 2015), and the potential benefit for the capability to snap-kick 
bilaterally in situations where time and space are constrained may presently be 
undertrained and underutilised. Such a proposition is supported when considering the 
cost of missed opportunities in goal-kicking that are associated with winning or losing 
(Robertson et al., 2016). During the 2015 AF season, games had an average of 21 
shots on goal with 45/206 games decided by 2 goals or less (Champion Data, 2015). 
Therefore, being able to perform snap-kicks bilaterally in game situations where there 
are marginal opportunities to kick for goal may provide a valuable advantage (Reade 
et al., 2008). 
  
In the present study, the aim was to compare the accuracy of snap-kicks at goal in a 
sample of professional AF players according to two conditions. First, performing 
snap-kicks with both the preferred and non-preferred foot. Second, performing snap-
kicks from a relatively ‘easy’ (less-acute angle; ‘snap-kick across the body’) and 
‘hard’ (more-acute angle; ‘snap-kick over the shoulder’) angle. It was hypothesised 
that both the use of the non-preferred foot and kicking over the shoulder from the 
more acute angle would be most detrimental to performance accuracy. Such findings 
would potentially highlight deficiencies and asymmetries in skill within a professional 
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sample, providing evidence to justify bilateral training to optimise performance 
(Reade et al., 2008). 
 
(a) (b)  
(c) (d)  
 
Figure 15. Two freeze-frame views from first-grade AF games where players 
ineffectively execute a kick for goal using the outside of their preferred foot from 
angles which, due to the spin of the ball, would instead favour the use of their non-
preferred foot: a left-footer shooting from the right-hand side of goal not choosing a 
right-foot snap as seen close up (a) and from distance (b); a right-footer shooting from 
the left-hand side of goal not choosing a left-foot snap as seen close up (c) and from 
distance (d). The AF ball in both views is yellow. 
 
6.3. Method 
6.3.1. Participants 
Following university ethics committee approval, 27 male AF players (age: 23.5 ± 3.47 
years; height: 184.6 ± 6.95 cm; mass: 84.8 ± 7.99 kg) from a single professional 
football club volunteered to participate. Players reported varying levels of first-grade 
national AF competition experience (M time on a senior AF playing list = 5.3 years, 
SD ± 3.5; Games played: range = 0 to 284, Mdn = 45.0). At the time of data 
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collection, all players were competing in a regular season, were healthy and free from 
injury, and were participating in all forms of club training.   
 
Initially, players were asked the question: “Which foot would you prefer to kick with 
if you were about to kick the winning goal from 30 metres out straight in front of 
goals?” (Cameron & Adams, 2003). Based on their response, 19 and 8 participants 
were classified as having a right and left kicking foot preference, respectively.  
6.3.2. Procedure 
Data collection for each participant occurred in one testing session on a single day. 
Procedures commenced with players completing a standardised dynamic warm-up for 
10 minutes, followed by a task-specific warm-up of kicking over variable distances. 
The kicking protocol (‘snap-kicks’ for goal) was completed on the participants’ home 
club ground. Players were required to wear their standard club-issued training attire 
and boots and were familiarised with all procedures prior to data collection. All 
participants reported being comfortable with kicking for goal in the test set-up. 
 
To generate the combinations of difficulty and foot preference determined by the 
factorial design, four kick positions were set-up, all at a distance of 21 metres from 
the centre of the goal line, with a kicking angle of 38° (‘Easy’) or 53° (‘Hard’), from 
either side of the goal posts, as illustrated in Figure 16. For all participants, whether 
left- or right-footed, the left leg was used at position 1, the right at position 2, the left 
at position 3 and the right at position 4. For right-footed players, this produced the 
following four kicking conditions: position 1) = hard, non-preferred; position 2) = 
easy, preferred; position 3) = easy, non-preferred; position 4) = hard, preferred. For 
left-footed players, this produced the following four kicking conditions: position 1) = 
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hard, preferred; position 2) = easy, non-preferred; position 3) = easy, preferred; 
position 4) = hard, non-preferred.  
 
Players performed a total of 20 snap-kicks for goal, 5 from each of the four positions, 
using Sherrin AF footballs inflated within the specified pressure range of 62-76 kPa 
(Australian Football League, 2014). For each condition, players held the ball in both 
hands and were instructed to snap-kick for goal. To ensure that kicks were executed at 
game-like intensity, a member of the club coaching staff watched the procedure and 
participants were made aware that they would be asked to re-perform a trial if the 
coach judged that the intensity was insufficient. The order of kick conditions was 
randomised, with players having to walk between kick positions as trials were 
completed. All kicks were video-recorded for observational analysis. 
(a) Kick accuracy determination 
Each kick was graded as ‘Goal’ (Score = 1) or ‘Miss’ (Score = 0). A Goal was given 
to kicks that travelled through the goal posts and crossed the goal line in the air or 
after bouncing. If the ball travelled wide of the goal posts, the kick was graded as a 
Miss. A separate analysis was carried out on kicks that were accurate in direction but 
where the ball did not travel the full distance and bounced before reaching the goal 
line. In a game, such shots normally would likely not result in a goal because 
opposition players would be standing between the kicking position and the goal line 
and would intercept the ball. 
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1)  2)  
3)  4)  
Figure 16. A right-footed player snap-kicking from the four positions: (1) non-
preferred-foot, hard angle; (2) preferred-foot, easy angle; (3) non-preferred-foot, easy 
angle; (4) preferred-foot, hard angle. The goal posts are the taller white posts, and the 
point posts are the smaller white posts. 
6.3.3. Data Analysis 
The number of accurate kicks that went through the goal either directly or after 
bouncing (total score out of 5) and the kicks that bounced through only (total out of 5) 
were analysed separately using a three-factor Groups x Repeated Measures (RM) 
analysis of variance (ANOVA), with the factors of Foot (Preferred or Non-Preferred) 
and Angle (Easy or Hard) entered as repeated measures variables. The levels of the 
group factor, Footedness, were ‘Right-footers’ and ‘Left-footers’. 
 
Post-hoc paired-sample t-tests were used to compare results in each of the four 
kicking conditions. Data analysis was undertaken within SPSS (Version 22.0 SPSS, 
Inc., Chicago, IL). 
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6.4. Results 
6.4.1. Kick accuracy 
With the between-groups factor, Footedness, there was no significant difference 
between right-footed (M accuracy = 68%) and left-footed (M accuracy = 66%) players 
in the number of accurate kicks, F(1, 25) = 0.19, p = 0.66, hp2 = 0.01. Neither was 
Footedness involved in any significant two-way or three-way interaction (all p > 
0.19). Therefore, the repeated measures results are presented for left- and right-footed 
participants combined. 
 
The group mean accuracy of snap-kicks for goal from the preferred and non-preferred 
foot and from the easy and hard angle are shown in Table 3. Players kicked more 
accurately with their preferred (M = 76%) than non-preferred foot (M = 57%), as 
reflected by a significant main effect for Foot, F(1, 25) = 22.51, p < 0.001, hp2 = 0.47. 
The difference in conversion percentage between the preferred and non-preferred foot 
was 19%. Players also kicked more accurately from the easy (M = 78%) than the hard 
angle (M = 56%; M difference = 22%), as reflected by a significant main effect for 
Angle, F(1, 25) = 32.05, p < 0.001, hp2  = 0.56. There was no significant interaction 
between Foot and Angle, F(1, 25) = 0.51, p = 0.48, hp2  = 0.02. 
 
The kicking accuracy was significantly different between all pairs of conditions 
shown in Table 3 (p < 0.005), except for the hard 53º angle on the preferred foot (M = 
67%) and the easy 38º angle on the non-preferred foot (mean = 69%).  
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Table 3. Mean (± standard deviation) accuracy across kicking conditions 
  Foot  
  Preferred Non-preferred Total 
Angle 
Easy 4.28±0.67 3.47±0.97 3.88±0.63 
Hard 3.34±1.01 2.23±1.22 2.79±0.77 
 Total 3.81±0.68 2.85±0.76 3.33±0.53 
 
6.4.2. Kicks that bounced before the goal line 
There was no significant difference between right-footers (M = 8%) and left-footers 
(M = 4%) in the number of kicks that bounced before the goal line, F(1, 25) = 2.95, p = 
0.098, hp2 = 0.11. More kicks bounced before the goal line when executed with the 
non-preferred (M = 10%) than the preferred leg (M = 2%), reflected in a main effect 
for Foot, F(1, 25) = 5.85, p < 0.05, hp2  = 0.19, and consistent with less power being 
applied in non-preferred-leg kicks.  
6.5. Discussion 
The current study investigated performance differences between the preferred and 
non-preferred leg in a kicking task. The study sought to determine how accurately 
professional AF players could kick snap-shots at goal with the preferred and non-
preferred foot according to task difficulty. Findings confirmed our hypothesis that 
professional AF participants were significantly less accurate when kicking with their 
non-preferred foot and from a more difficult angle. 
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Given results in a prior series of experimental tasks (Annett et al., 1979; Elliott et al., 
1999; Woodworth, 1899) and sporting skills (Pavely et al., 2009; Teixeira et al., 
2003), the reduced level of snap-kick accuracy on the non-preferred side was 
expected. Kinematic differences previously identified between the preferred and non-
preferred side for AF handballs would predict lower non-preferred side accuracy 
(Parrington et al., 2015a). Findings indicated that professional AF players were 
significantly more accurate (19%) with their preferred compared to their non-
preferred leg. This result is consistent with studies demonstrating biomechanical 
differences between the legs in kicking within various football codes (Ball, 2011; 
Dørge et al., 2002; Falloon et al., 2010), as well as with performance differences 
noted in soccer kicking (Nagasawa et al., 2011). However, Carey et al. (2009) noted 
that although they favoured their preferred leg in critical situations, 1998 World Cup 
soccer players nevertheless were equally skilled with their non-preferred foot when 
they used it. 
 
Professional players were also significantly more accurate when kicking from a less 
acute angle. The more acute angle (i.e., positions 1 and 4) imposed a greater accuracy 
demand on each kick, increasing task difficulty and likely contributed to accuracy 
score differences at these positions (Andersen & Dörge, 2011; Teixeira, 1999). 
  
A somewhat surprising result was that players kicked with the same level of accuracy 
on their preferred foot from a difficult angle as they did on their non-preferred foot 
from an easy angle. In training terms, such poor skill performance on the non-
preferred side may constitute an opportunity for skill development that could confer 
consequent team benefit (Bishop et al., 2006). 
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The difference between preferred and non-preferred foot for kicks that were accurate, 
but did not travel the full distance to goal, suggests that players potentially deployed a 
speed-accuracy trade-off strategy on the non-preferred side (Elliott et al., 2004; Fitts, 
1954) and the likelihood of less developed coordinative skill on that side (Yarrow et 
al., 2009). It is feasible that players reduced muscular force in their non-preferred leg 
in order to achieve greater accuracy; thus accepting the possibility of the ball 
bouncing before the target. In related studies, the imposition of an accuracy constraint 
in soccer kicking led to a decline in ball speed to 85% of the maximum achieved in 
the absence of the accuracy demand (Andersen & Dörge, 2011). Rather than an 
intentional speed-accuracy trade-off per se, however, Hart et al. (2014a) also noted 
significant strength deficits in the support leg in sub-elite AF players. Therefore, it is 
possible that such a strength asymmetry could lead to reduced kicking forces on the 
non-preferred side. Coupled with less developed coordinative patterns in the non-
preferred foot (Ball, 2011), this could potentially account for accuracy and force 
discrepancies between kicking feet.  
 
Qualitative examination of the video recording of the kicks indicated that these 
professional players demonstrated technical differences in movement patterns 
between the preferred and non-preferred side, suggestive of an earlier phase of skill 
acquisition in the non-preferred leg (Newell & Van Emmerik, 1989). Evidence of a 
trade-off or ‘safe’ approach was observed, by constraining degrees of freedom in the 
contralateral arm (Hodges et al., 2005) when executing non-preferred kicks. Players 
moved their contralateral hand up and over shoulder height when executing preferred-
foot snap-kicks (see Figure 17). On the non-preferred side however, the contralateral 
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hand did not move above shoulder height at any stage during the kick. A similar 
restriction of movement in the non-kicking-side arm has been linked to reduced 
accuracy in rugby place-kicking (Bezodis et al., 2007) and lower force generation in 
soccer kicking (Shan & Westerhoff, 2005). 
Limitations 
A limitation of the current study was the number of trials per participant (five from 
each of four positions). As participants completed the study during the season, the 
club’s medical staff imposed restrictions on the volume of kicking permissible in a 
single session.  
 
(a) (b)
(c) (d)  
 
Figure 17. Two right-footed participants at the point prior to ball release from the 
ipsilateral hand. Player 1: (a) non-preferred-foot, easy angle, (b) preferred-foot, hard 
angle; Player 2: (c) preferred-foot, easy angle, (d) non-preferred-foot, easy angle. 
Participants demonstrated different (less biomechanically sophisticated) patterns in 
the contralateral arm when kicking on the non-preferred foot (a and d) compared to 
the preferred foot (b and c). 
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Participants were also instructed which leg to kick with prior to each trial, so that no 
time-constrained decision or choice was required, thereby not reflecting the likely 
complexity of a game scenario. Future studies could employ a variety of angles and 
distances to further understand snap-kicking capability in AF. 
Implications 
If players are generally encouraged to practice and perform only with their preferred 
kicking foot (Farrow & Ball, 2011), then present findings suggest that such a policy 
may be costly from a performance perspective. Instead, the capability to perform the 
snap-kick with the non-preferred foot during games, even with a scoring accuracy of 
57%, may be advantageous in marginal and brief scoring opportunity moments 
(Barbieri et al., 2015). Evidence also supports the proposition that focused skill-
acquisition training on the non-preferred-foot may be beneficial, with the efficacy of 
non-preferred side training demonstrated in soccer motor performance (Haaland & 
Hoff, 2003), including reductions in functional asymmetry during soccer match-play 
(Guilherme et al., 2015) and decreased asymmetry in dribbling skill (Teixeira et al., 
2003). When structuring practice, instructing players to kick with greater speed and 
power on the non-preferred leg, rather than optimising each kick for accuracy, may 
reduce the number of kicks that bounce before the goal line (Engelhorn, 1997). Video 
self-modelling could also be employed as an off-field training tool, with video 
sequences of mirror-reversed preferred-foot kicks used to allow observation of an 
apparently well-developed non-preferred-side kick (Steel et al., 2011). 
6.6. Conclusion 
In a sample of professional AF players executing snap-kicks for goal, findings 
highlighted that kicking accuracy was affected by laterality and task difficulty in a 
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standard task. Participants were less accurate when using their non-preferred leg and 
kicking from a more difficult angle exacerbated this inaccuracy. Surprisingly, 
participants kicked with the same level of accuracy from a difficult angle with their 
preferred leg as they did with their non-preferred leg from an easy angle. International 
level soccer players seem to have bilateral foot skills, so the findings here point to the 
need for specific bilateral skill acquisition in professional AF player ‘snap-kicks’.    
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Chapter 7: Study 5: Kicking and handballing performance differences in 
Australian football players according to side preference 
7.1. Abstract 
In AF, a ‘set shot’ kick for goal after ‘a mark’ allows a player to use their preferred 
foot, whereas handballing in the unfolding game context is a dynamic skill performed 
on either side of the body. In three studies, professional AF players used their 
preferred leg for a ‘set shot goal-kicking task’ and both their left and right upper limbs 
in two handball tasks. In Study 5.1, the goal-kicking task, left-footed AF players were 
more accurate than right-footed players from a more acute (difficult) angle relative to 
the goal (p < 0.05). In Study 5.2, using a choice-reaction time task, the accuracy cost 
of ‘look away’ handball passes with the preferred hand was lower for left-handers 
(3%) compared to right-handers (28%). Regardless of side preference, better accuracy 
was achieved when looking at the handball target than when ‘looking away’ and when 
using the preferred rather than the non-preferred hand. Study 5.3, using a similar 
handballing task, set out to determine the features of superiority of preferred-side 
handball performance. Reaction time was faster when the ‘go’ signal indicated use of 
their preferred hand (p < 0.001). Participants also handballed with shorter ball flight 
time (p < 0.001) compared to when using their non-preferred hand, suggesting that the 
preferred side had faster access to the skill and more efficient force delivery in 
execution. Handballing accuracy was also higher (p < 0.05) and ball flight time to the 
target significantly shorter (p < 0.001) when ‘looking at the target’ than ‘looking 
ahead’. In the professional AF players studied here, both kicking and handballing 
performance results favoured left-side preferring players in Studies 5.1 and 5.2, with 
handball performance superior when using the preferred hand in Studies 5.2 and 5.3. 
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7.2. General introduction 
A lateralised brain allows humans and animals to perform discrete neural processes in 
parallel (MacNeilage et al., 2009). One behavioural manifestation of cerebral 
lateralisation is the preferential use of one side of the body in skilled movement tasks 
(Rogers et al., 2013). Approximately 85% of the general population prefer to use their 
right hand and right foot in performing motor tasks, and perform better when they do 
so (Peters, 1988). Most lateralisation studies of sensorimotor abilities have examined 
right handers using their dominant hand (Goble et al., 2009). However, performance 
asymmetries for motor actions or across different tasks may not be the same in 
individuals with left- compared to right-side preferences (Pereira et al., 2012). 
 
Although literature on general movement performance in left-handers is limited 
(Przybyla et al., 2012), some authors have concluded that left-side preference 
individuals have a greater capacity for sensorimotor tasks (e.g. the ‘innate superiority 
hypothesis’ - Grouios, 2004). This hypothesis states that left-handed athletes may 
possess an innate or neuropsychological advantage over right-handers for perceptual-
motor skills. It is possible that left-handers possess a higher degree of overall skill in 
tasks requiring use of both hands, due to a relatively enlarged right hemisphere 
(Geschwind & Galaburda, 1985). For example, in a stimulus-response task, left-
handers were more accurate in the high-velocity condition (presumably more 
demanding in terms of visuomotor control) than right-handers (Rodrigues et al., 
2012). Przybyla et al. (2012) also demonstrated differences in the asymmetries of 
motor performance of left- and right-handers, with left-handers showing smaller inter-
limb differences in various measures during a reaching task. 
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In contrast to general movement performance, left-handers have received more 
consistent attention in the literature on sport performance. Cameron and Adams 
(2003) found that left-footed AF players were better than right-footers with their 
dominant leg in a movement discrimination task and they proposed that left-footers 
had greater performance potential for tasks involving spatial processing. A possible 
central motor advantage for left-handed individuals has been hypothesised to provide 
a performance advantage over right-sided players in fencing (Bisiacchi et al., 1985). 
Further, Dane and Erzurumluoglu (2003) demonstrated that left-handed handball 
players out-performed right-handers in a visuomotor task and a superiority in the right 
hemisphere of left-handers was inferred from these results. Support for the notion of 
neurological differences in left-handers can also be derived from Annett’s right-shift 
theory (Annett, 2002). This theory suggests that the RS+ gene is an agent of left-
hemisphere advantage (and hence right-hemisphere disadvantage), increasing the 
probability of right-handedness. A conclusion of this theory is that an absence or 
reduction in RS - - and RS + - genotypes (and hence of right hemisphere deficit) in 
left-handers might increase their relative ability to perform fine motor tasks with both 
hands, thus increasing the proportion of left-handers in sporting domains relative to 
right-handers. 
 
Differences between left- and right-side preferring individuals also have been inferred 
from the elevated rate of left-handed players in sport, leading to divergent conclusions 
(Loffing & Hagemann, 2012). For instance, between 1968-1999, there were two-five 
times as many left-handed tennis players in the world top 10 (Holtzen, 2000). 
Similarly, Bisiacchi et al. (1985) found that the rate of left-hand foil use increased in 
latter stages of the 1982 world fencing championship. Holtzen (2000) speculated that 
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left-handers possess a greater biological predisposition for visuospatial and 
visuomotor tasks and may respond to a given practice episode with greater training-
induced adaptations. Grouios et al. (2000) identified that left-handers were only over-
represented in interactive sports, suggesting that ‘left-laterality’ provided a tactical or 
strategic advantage (i.e. the ‘negative frequency-dependent advantage’ - Raymond et 
al., 1996). This explanation postulates that left-handers possess an advantage when 
engaged in combative sports because their opponents are relatively unfamiliar with 
the movement and strategy presented (Faurie et al., 2005). Loffing and Hagemann 
(2012) argued that the frequency explanation is a more likely influencing factor than 
any potential neuropsychological advantages for left-handers. 
 
The studies above remain inconclusive in explaining the mechanisms underlying 
performance differences observed between left- and right-side motor preferences. 
Existing evidence suggests it is possible that performance of left-side preference 
players in team sports (e.g. soccer, AF) might differ from those with a right side 
preference, and may be demonstrated in particular context game situations, e.g. 
kicking executions or handballing skills (Cameron & Adams, 2003; McGrath & 
Kantak, 2016; Rodrigues et al., 2009). AF requires an unusual variety of motor skills 
(i.e., kicking and handball passing) that need to be performed repetitively and 
adaptively according to changing game conditions. Kicking is a skill where the impact 
of side preference on performance has received little attention (Carey et al., 2009), 
however between-subject differences in the underlying features of movement 
organisation (Kourtis et al., 2014) and hemispheric asymmetry can potentially be 
inferred from right- and left-footed players (Bishop, 2001). 
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In this chapter, three studies were undertaken to examine whether left- and right-side 
preference were differentially associated with AF skills. Study 5.1 investigated 
performance differences between right- and left-footed players in an AF goal-kicking 
task. Study 5.2 explored differences between left- and right-handed players in an AF 
handballing task. Finally, Study 5.3 further examined performance differences 
between the preferred and non-preferred-side in a similar handball task.  
7.3. Study 5.1 – Foot preference and task difficulty influence the accuracy of set shot 
goal kicking in elite Australian football players  
7.3.1. Introduction 
Elite sporting performance is characterised by the acquisition of domain- and 
situation-specific expertise (Williams et al., 2011) whereby highly specialised 
memory representations provide experts with motor-control advantages that allow 
them to exploit specific contextual aspects of the game environment (Keetch et al., 
2005). Laterality is one variable that may mediate the development of sporting 
expertise, as well as constrain and influence performance in particular settings 
(Loffing et al., 2010b). 
 
The symmetrical playing area used for most team games means that in some field 
positions it can be advantageous to preferentially use one side of the body when 
executing motor skills (Carey et al., 2009). Examples include kicking a soccer ball 
with the right foot when on the far right-side of the field, or performing lay-up shots 
with the left hand when on the left-side of the basketball court (Stöckel & Vater, 
2014). The position-specific strategic advantage of individuals with a left-side 
preference has been noted in handball (Schorer et al., 2009), soccer (Bryson et al., 
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2013), baseball (Raymond et al., 1996) and ice hockey (Puterman et al., 2010). 
Coaches recognise these benefits when selecting individuals to play on similar sides 
of the soccer field as their dominant foot (Whiteside et al., 2016), and left-footedness 
has been shown to increase the probability of selection (e.g., Dutch junior teams - 
Verbeek et al., 2017). Anecdotal reports also suggest successful AF teams require 
some left-footed players due to the flexibility they can create during attacking play 
(Capel, 2014). Such a notion is supported in practice by the apparent recruitment 
policy of Hawthorn AF club; who specifically targeted selection of left-footed players 
during assembly of a playing roster, and which incidentally went on to win the 2008 
AF Premiership (Stevens, 2010).  
 
An alternative hypothesis is that players with left-sided motor preferences may have 
an innate or neurological superiority over those preferring to use the right-side 
(Grouios et al., 2000). Results from reaction-time studies in handball players have 
suggested a neuroanatomical advantage for left-handers (Dane & Erzurumluoglu, 
2003). Although comparisons of between-subject laterality in football codes are rare, 
a higher level of kicking skill in left-footed compared to right-footed AF players has 
been reported by Cameron and Adams (2003). 
 
The ability to execute a ‘set-shot kick’ for goal (worth 6 points) is of central 
importance to the game of AF (Nicholls et al., 2010). For example, during the 2016 
AF season, the success rate of all ‘set-shot goal kicks’ was 50.3% (5,336 goals of 
10,607 kicks - Champion Data, 2016). Further, as a miss results in either a single 
point or no score, and turns the ball over to the opposition, the cost of goal kicking 
inaccuracy is substantial. During the 2015 AF season, there was an average of 21 
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shots on goal per game, with 45/206 (22%) of games decided by 2 goals or less  
(Champion Data, 2015). Thus, goal conversion is also influential to game outcome 
(Robertson et al., 2016). 
 
A ‘set shot’ for goal occurs after a player takes ‘a mark’ (i.e. catches the ball securely) 
within kicking range of goal (i.e. up to 60 metres from the goal line – Nicholls, 2010). 
The nearest opposition player can stand where the player ‘marked’ the ball, becoming 
the ‘man-on-the-mark’ (Australian Football League, 2015). The ‘man on the mark’ 
has an important defensive role (McLeod & Jaques, 2005), acting as a physical barrier 
to the flight of the ball (see Figure 18). The assumption is that he will make every 
effort to create visual or auditory distractions on the subsequent kick for goal 
(Hosford & Meikle, 2007). 
 
The purpose of Study 5.1 was to examine the kicking ‘set shot’ performance of left- 
and right-footed professional AF players from different kick-angle positions (all 
equidistant from goal) to determine whether individuals with a left-foot preference 
would exhibit an advantage in kicking accuracy relative to those with a right-foot 
preference. A secondary aim was to investigate the effect of ‘a man-on-the-mark’ on 
goal-kicking accuracy. Our Hypothesis 1 stated that left-footed participants would 
demonstrate superior performance accuracy over right-footers. Hypothesis 2 predicted 
that the presence of ‘a man-on-the-mark’ would negatively affect kicking accuracy. 
Such findings would potentially add insight to how laterality impacts performance in 
team sports (Stöckel & Carey, 2016) and provide evidence to coaches for structuring 
practice and optimising performance (Reade et al., 2008). 
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Figure 18. A left-footed player kicking from Position 3 with a man-on-the-mark. The 
goal posts are the taller white posts, and the point posts are the smaller white posts. 
7.3.2. Methods 
(a) Participants 
Following University ethics committee approval, 17 male elite AF players, aged 18-
32 from a single professional football club participated in the study (M ± SD - age: 
24.28 ± 3.73; height: 186.71 ± 6.03 cm; mass: 87.12 ± 8.48 kg). Fifteen participants 
had played at least one game in the senior AF competition (M games played = 66.82 ± 
80.07). Thirteen participants played mainly as forwards or midfielders, with four 
playing mainly as defenders. At the time of data collection, all players were 
competing during the regular season, were healthy and free from injury, and were 
participating in all forms of club training. Initially, players were asked: “Which foot 
would you prefer to kick with, if you were about to kick the winning goal from 30 
metres out straight in front of goals?” (Cameron & Adams, 2003). Based on the 
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responses, 12 and 5 participants were classified as having a right and left-kicking foot 
preference, respectively. 
(b) Procedure 
Data collection for each participant occurred in one testing session. Procedures 
commenced with athletes completing a standardised general dynamic warm-up for 10 
minutes, followed by a task-specific warm-up of kicking over variable distances. The 
kicking protocol (‘set shot kicks’ from a distance of 34.8 metres9) was completed on 
the club home ground. Participants wore their standard club-issued training attire and 
boots, and were familiarised with all data collection procedures. Participants used a 
standard full-sized Australian football (Sherrin, Scoresby, Victoria, Australia; 720-
735 mm in circumference and 545–555 mm in length), inflated within the specified 
pressure range of 62-76 kPa (Australian Football League, 2015). A standard AF goal, 
conforming to AFL standards, was used (four posts, aligned in a straight line, 6.4 
metres apart). Participants undertook each kick using a standard ‘Drop Punt’, the most 
widely used kick in AF. The ball is held vertically or with the top of the ball leaning 
slightly backwards towards the player. The hands are placed side-by-side towards the 
front of the ball, with the laces of the ball pointing to the front (McLeod & Jaques, 
2005). 
 
All kicks were taken with the preferred leg only. Participants undertook four kicks at 
four different field positions (see Figure 19). Positions on the left side of the goal (i.e. 
positions 1 and 2) would hypothetically favour kickers with a right-foot preference 
(Flemmer & Flemmer, 2015), while positions on the right side of goal (i.e. positions 3 
                                                
9 This distance was chosen after pilot testing, based on creating some errors, but 
still permitting some success, to permit observation of systematic factors. 
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and 4) would favour left-foot preference kickers. At each position, two kicks were 
taken with and without a ‘man on the mark’ respectively. Participants performed the 
sequence of 16 kicks alongside other participants (i.e. two groups of four; and three 
groups of three participants). Within each group, participants took turns to perform 
kicks in their individual randomised sequence, either with or without the man-on-the-
mark. The position and condition of kicking were randomised for each player.  
 
 
 
Figure 19. Diagram of the goal-kicking task. 
 
 
Following task completion, verbal responses were obtained from both players and the 
team’s coaching staff to the following question: “Which kicking position would left 
and right-footed players most, and least, favour?”. All players and coaches confirmed 
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the least favourable kicking location was Position 1 for left-footers and Position 4 for 
right-footers. 
(c) Kick accuracy determination 
Accuracy score was determined by whether a ‘set shot’ was kicked through the 
central goal (1) or to either side (0). Scores for each position and ‘man-on-the-mark’ 
condition could range from 0 (neither kick scored a goal) to 2 (both kicks scored). 
Adding scores for all kicks at Positions 2 and 3 and Positions 1 and 4 generated an 
accuracy score at the ‘Inner’ and ‘Outer’ positions respectively.  
(d) Statistical analysis 
Following assumption checks, accuracy scores were analysed using a three-factor 
analysis of variance (ANOVA), with the group factor of Foot preference (left or right-
footed) entered as a between-subjects factor, and Position (1 = Left outer, 2 = Left 
inner, 3 = Right inner, 4 = Right outer) and ‘Man on the Mark’ (1 = Yes, 2 = No) 
entered as within-subjects repeated measures (RM) factors. For the factor of kick 
position, post hoc contrasts with a Bonferroni adjustment were deployed to compare 
the performance of left-footers and right-footers from different positions. To evaluate 
the influence of task difficulty on set shot goal kicking performance, a t-test compared 
accuracy at the ‘inner’ and ‘outer’ positions. Statistical significance was tested using p 
≤ 0.05. Small, medium and large effect sizes were regarded as corresponding to 
values of hp2 of 0.0099, 0.0588 and 0.1379 respectively (Richardson, 2011). Data 
analysis was undertaken using SPSS (Version 24.0 SPSS, Inc., Chicago, IL). 
7.3.3. Results 
As determined by Levene's test for equality of variances (p > .05), homogeneity of 
variances was apparent. Accuracy scores were not normally distributed, as assessed 
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by Shapiro-Wilk's test (p < .05). However, due to the statistically robust nature of 
RM-ANOVA even for small samples and for populations departing from the normal 
distribution (Hays, 1988), analyses were conducted as planned. 
 
For the between-groups factor, foot preference, the difference in accuracy between 
left-footed participants (M accuracy = 1.40 or 70%, SD = 0.29) and right-footed 
participants (M accuracy = 1.15 or 58%, SD = 2.9) was not significant, F(1, 15) = 2.72, 
p = 0.12, hp2 = 0.15. Further, the difference in accuracy when participants kicked with 
a ‘man on the mark’ (M accuracy = 1.25 or 62%, SD = 0.47) compared to without (M 
accuracy = 1.30 or 65%, SD = 3.88) was not significant, F(1, 15) = 0.13, p = 0.73, hp2 = 
0.01. Finally, accuracy differences according to position, 1 (M accuracy = 1.16 or 
58%, SD = 0.59), 2 (M accuracy = 1.44 or 72%, SD = 0.57), 3 (M accuracy = 1.40 or 
70%, SD = 0.65) and 4 (M accuracy = 1.10 or 55%, SD = 0.39) were not significant, 
F(1, 15) = 0.17, p = 0.69, hp2 = 0.10. However, contrasts revealed a significant quadratic 
relationship for position, F(1, 15) = 0.17, p < 0.05, hp2 = 0.01. Participants were more 
accurate when kicking from the ‘inner’ positions (M accuracy = 5.53 or 69%, SD = 
1.66) compared to ‘outer’ positions (M accuracy = 4.24 or 53%, SD = 1.44). Post hoc 
contrasts with a Bonferroni adjustment revealed that participants with a left-foot 
preference were more accurate when kicking at position 4 (M accuracy = 1.4 or 70%, 
SD = 0.36) than right-footed participants (M accuracy = 0.79 or 40%, SD = 0.36), F(1, 
15) = 10.16, MSE = 0.13, p < 0.01. 
7.3.4. Discussion 
Study 5.1 compared the performance of left and right-footed professional AF players 
using a ‘set-shot’ goal-kicking task. As would be expected, the findings demonstrated 
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that shots from more acute angles (M accuracy = 53%) were less accurate than more 
central positions (M accuracy = 69%). Results from the two ‘outer’ kicking positions 
provide partial support for Hypothesis 1. Left-footed players (M accuracy = 70%) 
kicked more accurately than right-footers (M accuracy = 40%) from the ‘outer’ 
position on the right side of the field (Position 4). The difference in accuracy between 
left- and right-footed players at the ‘outer position’ on the left side (Position 1, 
favouring kickers with a right-foot preference) was not significant (M accuracy: Left-
footers = 60%, Right-footers = 56%). With regard to Hypothesis 2, the presence of a 
‘man on the mark’ did not significantly affect goal-kicking accuracy. 
 
Left-footed players kicked with greater accuracy than right-footers from Position 4, 
suggesting either an advantage to left-footers at Position 4 from some form of 
structural element (e.g. the angle assisting left-footed execution), or that left-footed 
players demonstrate a possible general superiority in kicking performance as proposed 
by Cameron and Adams (2003). In agreement with Flemmer and Flemmer (2015), 
players and coaches viewed Position 4 as the most difficult of the four positions for 
right-footed kickers, with Position 1 being the most difficult position for left-footers. 
It might be expected therefore that right-footers (M accuracy = 56%) would perform 
with greater accuracy than left-footers (M accuracy = 60%) at Position 1, but the 
difference was not significant. Together with the performance at Position 4, left-
footed players in this sample demonstrated superior accuracy in particular locations 
on the field. In addition, although the difference in accuracy between left-footed 
participants (M accuracy = 70%) and right-footed participants (M accuracy = 58%) 
was not statistically significant, the large effect size (hp2 = 0.15) indicates that this 
finding may be practically meaningful. Overall, these results could be due to the 
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sample of left-footed players possessing greater game or training experience than 
right-footed players, or potentially reflect a targeted and successful recruiting policy 
of left-footed players that may have been used by the football club employing these 
individuals. Although it has been suggested that left-sided athletes may possess an 
innate superiority over those with right-side motor preferences (Bisiacchi et al., 1985; 
Dane & Erzurumluoglu, 2003), the results here need to be interpreted cautiously.  
 
Professional players were significantly more accurate when kicking from a less acute 
angle. The more acute angle (i.e. positions 1 and 4) imposed a greater difficulty 
demand on each kick, contributing to differences in accuracy scores (Andersen & 
Dörge, 2011; Teixeira, 1999).  
 
That the presence of a ‘man on the mark’ had no significant effect on goal-kicking 
accuracy may have been due to the reduced demands of the testing environment 
compared to game conditions (Whitehead et al., 1996), or the use of a single more 
passive individual as a ‘man on the mark’ rather than an aggressive opposition player. 
Alternatively the ‘man on the mark’ in the present situational context may simply not 
have affected (i.e. helped or hindered) performance.  
Practical implications 
Present results, coupled with prior evidence, suggest that left-footed players may 
benefit AF team performance in certain kicking situations and field positions. Such 
possibilities have implications for team recruitment, player selection and 
development. Instructions by coaches to left-footed and right-footed players may need 
to be tailored specifically to cater for laterality, for example, when practising goal-
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kicking tasks in certain field positions or in determining player positioning and team 
formations (Whiteside et al., 2016). 
Limitations 
A key limitation in the current study relates to the sample size, and the number of left-
footed players in particular, which was small due to recruitment from a single club. In 
addition, the number of trials per participant (four from each of four positions) was 
small. As participants completed the study during a playing season and between 
competitive games, the club’s medical and coaching staff imposed restrictions on the 
volume of kicking permissible in a single session. Further, kicking positions 2 and 3 
may not have provided a sufficient challenge to differentiate between skill differences 
in left- and right-footed players. Future work should incorporate a variety of angles 
and distances for the performance task, and players of different skill levels. Finally, a 
more continuous scoring system than the binary one employed may have revealed 
different, or more detailed, results. Future studies could employ a more sensitive 
scoring system, and a variety of angles and distances with a greater number of trials to 
better understand whether laterality does affect motor skill accuracy.  
7.3.5. Conclusion 
In a sample of professional AF players executing ‘set-shot’ goal kicks, performance 
accuracy was affected by between-subject laterality and task difficulty. Left-footed 
players demonstrated superior kicking accuracy compared to right-footers when 
kicking from one of the acute angles in a standard kicking task. It may have been 
easier for left-footed players to kick accurately from that angle, due to some structural 
advantage. Alternatively, the left-footers may have possessed an innate superiority 
over the right-footed players that was revealed when kicking from one angle. Results 
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lend initial qualified support to both neurological and developmental benefits from 
lateralisation, and require further examination. 
7.4. Study 5.2 - Performance accuracy with ‘look’ and ‘no-look’ AFL handballs 
according to right- and left-side preference 
7.4.1. Introduction 
Team success in AF relies on accurate passing to teammates using kicks and 
handballs. Handballs are often performed in highly time-constrained situations, with 
players required to respond quickly to complex and dynamic task and environmental 
constraints (Parrington et al., 2015b).  
 
The evolution and development of a more highly-pressured ‘higher-tempo’ game over 
the last 10 years (Woods et al., 2017) suggests that AF players have less time for ball 
disposal (or passing) before being tackled, implicating the need for greater flexibility 
for individual and team performance. Controlled movement flexibility (or functional 
movement variability 10 ) in handballing could then be acquired and deployed 
successfully in changing game situations (Schorer et al., 2007). Bilaterality would be 
expected to contribute to such greater flexibility. In AF, as the accuracy of performing 
ball skills depends on both visual localisation and directing focal vision towards the 
intended target, a defender can use the direction of gaze of an attacking player as a 
high-probability indicator of the intended target and thereby initiate a handball ‘block’ 
(or pass interception). Consequently, players who can direct gaze away from their real 
target and execute handballs without looking at the intended receiving player may be 
                                                
10 Schorer et al. (2007) defined active functional variability as “actively creating or 
changing movement in a given situation”, for example the use of deceptive 
movements by highly skilled sports people.
  165 
more successful in deceiving defenders (see Figure 20). However, the value of 
deception is lost if execution is inaccurate, leading to ball possession ‘turnover’. 
Parrington et al. (2013) reported that 35% of handballs during professional AF 
matches were made without players turning their body to face the target and 22% 
handballed across the body. There was no mention of eye-gaze direction in this study. 
A ‘no-look’ handball would involve advanced player target identification and then 
skill execution while not turning their gaze (or body) towards the target.  
 
This study examined the handball performance of left- and right-sided AF players. In 
a choice-reaction task, players had to perform handballs to a target on the right (using 
the left hand) or the left (using the right hand). Half of the trials were executed by 
turning and looking at the target, while the other half were completed with the eye-
gaze remaining straight ahead. Further to the result from Study 5.1, we hypothesised 
that 1) the hand preference of players would influence accuracy, so that left- and 
right-sided players would demonstrate performance differences in equivalent 
conditions. Hypothesis 2 then predicted that players would be more accurate with 
their preferred hand and finally, Hypothesis 3 stated that players would be more 
accurate when looking at the target. 
7.4.2. Methods 
(a) Participants 
Following University ethics committee approval, 16 male elite AF players (M ± SD - 
age: 24.87 ± 4.28; height: 183.75 ± 5.47 cm; mass: 83.19 ± 6.84 kg) from a single 
professional football club volunteered to participate. Participants reported varying 
levels of ‘first-grade’ national AF competition experience (M time on a senior AF 
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playing list = 6.88 years, SD ± 4.39; M games played = 96.94 SD ± 97.85). At the 
time of data collection all players were competing in a regular season, were healthy, 
free from injury and were participating in all forms of club training. Initially, players 
were asked the question: “Which hand would you prefer to use if required to perform 
a fast and accurate handball to a teammate under pressure from an opposition 
defender?” Based on the responses, 9 and 7 participants were classified as having a 
‘right-’ and ‘left-hand’ preference respectively.  
(b) Procedure 
Data collection for each participant occurred in one testing session on a single day at 
the participant’s home club ground. Players were required to wear their standard club-
issued training attire and boots and were familiarised with all procedures prior to 
testing. The procedures commenced with players completing a standardised general 
dynamic warm-up for 10 minutes, followed by a task-specific warm-up of handballing 
over variable distances. Afterward, participants completed 12 practice runs of the 
testing protocol, divided between all conditions. The handball protocol (handballing at 
a target, another player, from 12.8 metres11) was familiar to participants as it was 
regularly used in club training sessions over the previous three seasons.  
 
The setup of the handball task is shown in Figure 21. Participants started each trial at 
one end (start line) of a rectangular box (4m x 2m) outlined by white lines on the 
ground. They held an AF ball (Sherrin, official AFL match ball, inflated within the 
specified pressure range of 62-76 kPa) end-up with a neutral grip. Prior to each trial, 
participants were informed whether they would be required to look at the target player 
                                                
11 The target player was placed 10 metres in front, and 8 metres to the side, of where 
handballs were executed from – i.e. a direct distance of 12.8m. 
  167 
or remain looking straight ahead (i.e. not look at the target) when executing the 
handball. Participants then had to run at speed towards the ‘go line’ located 4m away 
at the other end of the rectangular box. Upon reaching the ‘call line’ after 2m, the 
signaller12, sitting 10m in front of the go line, randomly raised a hand pointing either 
right or left to the predetermined target player, and to which the handball was to be 
directed. Participants had to keep running after crossing the call line and complete a 
handball before reaching the go line. Participants used their right hand for executing 
handballs towards the left target and their left hand for handballs to the right target. 
The task required hitting the target player at the “centre of their chest”. Both targets 
were 183cm in height. To ensure handballs were executed at game-like intensity, a 
member of the club coaching staff observed the procedure. Participants were advised 
that they would be asked to re-perform trials if the intensity was judged insufficient. 
Participants performed a total of 16 handballs, four at each of the two targets under 
the two vision conditions. The order of handball conditions was randomised with 
participants having to walk-back to the start line between trials. 
 
The performance of the handball task was recorded using two video cameras 
simultaneously to capture handball accuracy data. Camera 1 (Casio EX-FH100) was 
positioned 8m to the left side of the “Go” line for the view of the receiver at Target 2. 
Camera 2 was positioned 8m to the right side of the “Go” line for the view of the 
receiver at Target 1. 
(c) Handball accuracy determination 
A handball was considered accurate if the receiver could catch the ball without 
moving his feet laterally, or jumping, and was scored as either a hit (score = 1) or 
                                                
12 The signaller was blind to the aims of the study. 
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miss (score = 0). If the receiver stretched his arms to catch the ball, the trial was 
scored as a hit. Accuracy scores were accumulated across the four handballs 
undertaken in each hand-preference (preferred, non-preferred) and vision (look, no-
look) condition, and could range from 0 (no handball hit the target) to 4 (all handballs 
hit the target). 
 
(1) (2) 
(3) (4) 
 
Figure 20. A right-handed player handballing under the four conditions: (1) 
Preferred-hand, Look; (2) Preferred-hand, No look; (3) Non-preferred-hand, Look; (4) 
Non-preferred-foot, No look. 
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Figure 21. Diagram of the handballing task. 
(d) Data Analysis 
Following data assumption checks, the handball accuracy score was subjected to a 
three-factor ANOVA, with the group factor of Handedness (‘Right-Handers’ or ‘Left-
Handers’) as a between-subjects factor, and Hand-Preference (‘Preferred’ or ‘Non-
Preferred’) and Vision (‘Look’ or ‘No-Look’) as within-subjects RM factors. To 
examine Hypothesis 1, the three-way interaction between Handedness, Hand-
Preference and Vision was investigated. Post-hoc analysis of any interaction was 
conducted using Bonferroni-adjusted tests. To examine Hypotheses 2 and 3, the main 
effects for Hand-Preference and Vision were examined. Statistical significance was 
tested with p set at ≤ 0.05. Small, medium and large effect sizes were regarded as 
corresponding to values of hp2 of 0.0099, 0.0588 and 0.1379, respectively 
(Richardson, 2011). All data analysis was undertaken within SPSS (Version 24.0 
SPSS, Inc., Chicago, IL) 
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7.4.3. Results 
Mean handball accuracy according to participant handedness, vision and hand used 
are summarised in Figure 22. Data assumption checks confirmed there was 
homogeneity of variances (Levene's test p > .05); though accuracy scores were not 
normally distributed (Shapiro-Wilk's test p < .05). However, due to the statistically 
robust nature of RM-ANOVA even for small samples and for populations departing 
from the normal distribution (Hays, 1988, p. 372-3), analyses were conducted as 
planned. 
 
Figure 22. Mean handball accuracy of right- and left-handed participants according to 
preferred or non-preferred hand and when looking or not looking at the target (Study 
5.2). Error bars show one standard error. 
 
There was no significant overall group difference between left-handed (M accuracy = 
2.68 or 67%, SD = 0.31) and right-handed (M accuracy = 2.44 or 61%, SD = 0.31) 
players in the accuracy scores, F(1, 14) = 2.30, p = 0.151, hp2 = 0.141. There was an 
expected main effect for hand-preference with a large effect size, F(1, 14) = 71.08, p < 
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0.001, hp2 = 0.84. For both left-handed and right-handed players, significantly more 
targets were hit with their preferred (M = 3.3 or 82%, SD = 0.53) than their non-
preferred hand (M = 1.8 or 46%, SD = 0.38). Further, there was a main effect for 
vision with a strong effect size, F(1, 14) = 35.67, p < 0.001, hp2 = 0.72. Accuracy was 
significantly higher when players looked at the target (M = 3.0 or 75%, SD = 0.42) 
compared to when not looking (M = 2.1 or 53%, SD = 0.44).  
 
The interaction between hand preference and vision also was significant with a large 
effect size, F(1, 14) = 4.80, p < 0.05, hp2 = 0.26, and it can be seen that the difference in 
accuracy between looking and not looking at the target was not uniform across the 
four hand-preference conditions shown in Figure 22. This variation was reflected in a 
significant three-way interaction with strong effect size between handedness, hand-
preference and vision, F(1, 14) = 9.65, p < 0.01, hp2 = 0.41. Post hoc contrasts with a 
Bonferroni adjustment revealed that left-handers using their preferred (left) hand were 
as accurate when not looking at the target (M = 3.3 or 82%, SD = 0.73) as they were 
when looking (M = 3.4 or 85%, SD = 0.48), M difference = 0.1 or 3%, F(1, 14) = 0.35, 
p = 0.57, hp2 = 0.02. The mean difference in accuracy between looking at the target 
and not looking at the target was statistically significant when left-handers used their 
non-preferred hand (M difference = 1.4 or 36%, p < 0.001), when right-handers used 
their preferred hand (M difference = 1.1 or 28%, p < 0.001) and when right-handers 
used their non-preferred hand (M difference = 0.89 or 22%, p < 0.01). In other words, 
left-handed players were less affected by the removal of target vision when using their 
preferred compared to when using their non-preferred hand, and compared to right-
handers using their preferred or non-preferred hand.  
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7.4.4. Discussion 
 
Study 5.2 examined how laterality and task difficulty interacted to affect handball 
accuracy in a sample of professional AF players. Findings provided only partial 
support for hypothesis 1, that left-handers would demonstrate superiority over right-
handers in equivalent conditions. An interaction between handedness, vision, and the 
hand preference indicated that the accuracy cost of ‘looking away’ passing with the 
preferred hand was lower for left-handers (3%) compared to right-handers (28%). 
Results also confirmed hypothesis 2, that players would expectedly be more accurate 
when using their preferred hand (M accuracy = 82%) compared to their non-preferred 
hand (M accuracy = 46%). Finally, support for hypothesis 3 was confirmed. Accuracy 
was greater when players directed vision at the target (M accuracy = 75%) compared 
to when looking straight ahead (M accuracy = 53%). 
 
The accuracy of left-handed players was unaffected by not looking at the target when 
using their preferred hand, while this condition caused a significant reduction in 
accuracy for right-handers. Accurately accounting for these findings remains 
somewhat speculative, though existing literature could potentially attribute the effect 
to hemispheric specialisation, to the effects of practice, or both (Newell & 
Rosenbloom, 1981). The right hemisphere is specialised for tasks requiring spatial 
processing (Carnahan & Elliott, 1987). Further, activation of the right hemisphere is 
more direct for movements executed with the left hand, compared to the right hand 
(Barthélémy & Boulinguez, 2002). Left-hander superiority when not looking at the 
target for preferred-side handballs could therefore suggest a neuro-anatomically based 
advantage resulting from the specialisation of the right hemisphere for spatial 
processing (Cameron & Adams, 2003). 
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Schorer et al. (2007) found that an expert European handball player was more 
accurate, with reduced ball flight times, in completing a goal shooting task than less 
advanced players. A higher (relative) level of functional control in left-handers 
preferred-hand motor skills may enable better adaptation to interacting environmental, 
organismic and task constraints (Seifert et al., 2013). For game play, the implication is 
that left-handed players would be more likely to successfully execute a handball while 
disguising their intended action when using their preferred-side. However, as with 
Study 5.1, the effect could also result from differential levels of training and game 
experience within the participant group or from the small and specific sample of elite 
AF players used.  Further study, incorporating the collection of kinematic data, is 
required to analyse the movement patterns of left-handed and right-handed AF players 
when handballing. 
 
With reference to hypothesis 2, the reduced level of accuracy in the non-preferred 
hand was expected, given previous results in a series of experimental tasks (Annett et 
al., 1979; Elliott et al., 1999; Woodworth, 1899) and sporting skills (Pavely et al., 
2009; Teixeira et al., 2003). Kinematic differences noted between preferred and non-
preferred side AF handballs would also predict lower non-preferred side accuracy 
(Parrington et al., 2015a). The AF handball should be viewed as an asymmetric 
bimanual skill, rather than single-handed skill (Guiard, 1987). Each hand performs 
complex and complementary roles to successfully complete a coordinated movement; 
one hand holds and positions, while the other hand punches, the ball. Proprioception 
also provides intrinsic information on the dynamic positioning of limbs and muscles 
(Sarlegna & Sainburg, 2009), The known superior proprioceptive ability of the non-
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preferred hand in right-handers (Goble & Brown, 2008b) and left-handers (Goble et 
al., 2009), could enable players to hold and position the ball more effectively, and 
generate more consistent ball impact when handballing using the preferred hand. 
Greater accuracy in execution of handballs with the preferred side may consequently 
have been partly due to the individual specialisation of each hand (Sainburg, 2002). 
 
However, the reduced level of handball accuracy in the non-preferred hand compared 
to the preferred hand is perhaps surprising given that the accuracy task permitted a 
margin of error (i.e. the receiving player could - in a stationary position - extend their 
arms to catch the ball and the trial would be scored as ‘accurate’). Despite coaches 
recommending that players strive for skill symmetry between AF handball passes 
(McLeod & Jaques, 2005), professional AF players in this sample were less accurate 
when executing a non-preferred side handball. This has potential performance 
implications since handballs that are harder to receive and gather make the next 
disposal more likely to be inaccurate (Parrington et al., 2013). 
 
The results also provided support for hypothesis 3. Accuracy of hand passes was 
lower when players did not look at the target. Biomechanical factors could partly 
account for these findings, as when not looking at the target, players would likely 
have struck the ball without employing a turn towards the target (see Figure 20), 
potentially affecting performance (Parrington et al., 2013). Directing gaze to optimal 
areas of the performance environment is also important for the successful completion 
of precise physical movements in sport (Vickers, 2016). The ‘no-look’ condition may 
therefore have removed task-specific spatial information required for optimal 
coupling between the gaze and aiming movements (Vickers, 2007). 
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Practical implications 
The capability to perform a ‘no-look’ handball, even with an accuracy of 53%, may 
be advantageous to deceive defenders in marginal offensive or defensive situations 
during games. However, if coaches sought to achieve equivalent performance levels 
with the standard ‘look’ handball, specific practice would need to be incorporated into 
training activities for the no-look handball. Consideration would also need to be given 
to the influence of handedness on such a training program, since left-handed players 
were not affected by the removal of target vision when using the preferred side, while 
right-handed players were. 
 
Limitations 
Key limitations in the current study relate to the small sample size, due to the 
participants being recruited from a single club. Ideally a larger sample of players 
would have been preferred to examine the pervasiveness of proposed left-laterality 
benefits. Players could also be ranked by coaches, according to skill, training and 
experience, to provide further measures for analysis. In addition, the number of trials 
per participant (i.e. four from each of four positions) was small, potentially providing 
a less accurate representation of true handball skill capability. The demands placed 
upon AF players during a competitive season mean that time is very limited between 
games. We were also informed by the club’s medical and coaching staff that even 
apparently low-intensity activities are restricted and thus it was not possible to 
complete a more extensive number of trials. Future studies conducted during pre-
season periods (i.e. when time demands permit more extensive testing over multiple 
sessions) with similar populations could be beneficial. A more ecologically valid task 
employing further levels of complexity, for example in the form of opposition players 
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and reactive decision-making, may be more effective in determining the influence of 
laterality on handball performance in AF. Finally, a more continuous scoring system 
than the binary one employed may have revealed different, or more detailed, results. 
7.4.5. Conclusion 
 
In a sample of professional AF players executing handballs with the preferred hand 
and non-preferred hand, performance accuracy was affected by within-subject 
laterality, task difficulty, and between-subject laterality. Regardless of handedness, 
players were more accurate when using their preferred hand compared to their non-
preferred hand, and when directing vision at the target compared to when looking 
straight ahead. Additionally, the accuracy cost of ‘looking away’ passing with the 
preferred hand was lower for left-handers compared to right-handers. Results lend 
qualified support to both neurological and developmental benefits from lateralisation. 
7.5. Study 5.3 - Performance accuracy with ‘no-look’ AF handballs according to 
preferred and non-preferred side 
7.5.1. Introduction 
Cerebral lateralisation and asymmetry in goal-directed movement are assumed to be 
associated with left hemisphere specialisation for visually guided actions (Goodale, 
1988). Hence, numerous studies in motor control have examined the differences 
between the two hands in skilled unimanual tasks (Grouios, 2006). Asymmetry in 
biomechanical measures of performance has been demonstrated in the AF handball, 
with the preferred hand moving faster than the non-preferred side (Parrington et al., 
2015a). Without reference to within-subject laterality, Parrington and colleagues 
found that response times when handballing were affected by changes to task 
complexity and the type of stimulus to which players were required to respond 
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(Parrington et al., 2015b). However, performance accuracy characteristics of preferred 
and non-preferred AF handballs have not been reported. Study 5.3 endeavoured to 
identify some of the kinematic characteristics associated with superior preferred-side 
handball performance using a look and no-look handball in a group of participants 
with less professional AF playing experience than the group in Study 5.2. Hypothesis 
1) stated that the preferred side would produce greater accuracy, faster reaction times 
and reduced flight times in the handball task. Further, it was hypothesised 2) that 
players would be more accurate, react more quickly and produce faster ball flight 
times when looking at the target.  
7.5.2. Methods 
(a) Participants 
Following university ethics committee approval, 16 male, elite AF players (age: 20.66 
± 1.54; height: 188.69 ± 7.93 cm; mass: 86.56 ± 10.02 kg) from a single professional 
football club volunteered to participate. Participants reported varying levels of ‘first-
grade’ AF competition experience (M time on a senior AF playing list = 1.75 years, 
SD ± 0.66; M games played = 3.0 ± 5.83). An independent samples t-test indicated 
that the group of participants in this study had played fewer professional AF games 
than those in Study 5.2, M difference in games played = 93.9 (95%CI, 40.02 to 
147.85), t(15.11) = 3.711, p < 0.005. At the time of data collection, all players were 
competing during the regular season, were healthy and free from injury, and were 
participating in all forms of club training. All players were classified as having a 
right-hand preference based on their responses to the question on hand preference 
utilised in Study 5.2. It was not possible to include any left-handers in Study 5.3 due 
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to lack of participant availability (many players from the football club were 
unavailable due to injury or playing and training demands). 
(b) Procedure 
The study utilised the same handball task and protocol as described in Study 5.2, 
however, in this study, the performance of the handball task was recorded using four 
video cameras simultaneously. Camera 1 (Casio EX-FH100) was positioned 8m to the 
left side of the “Go” line for the view of the receiver at Target 2. Camera 2 was 
positioned 8m to the right side of the “Go” line for the view of the receiver at Target 
1. Camera 3 was positioned directly in front of the player and 5m from the test area to 
capture kinematic data, and Camera 4 was positioned 5m away from the caller at a 45-
degree angle to capture the moment of initiation of the handball signal. The video 
recordings were captured at 100 frames/sec, giving a resolution of 10 ms per frame. 
The video footage was synchronised from a clapper board and edited onto a four-way 
split screen using SportsCode Elite v.10 software (Sportstec Limited, Units 19-22, 6A 
Prosperity Parade, Warriewood, Sydney, NSW 2102, Australia).  
(c) Handball accuracy determination and measurements 
The accuracy of each handball was assessed in the same way as Study 5.2, with the 
score determined as either hitting the target (1) or missing (0).  A handball was graded 
as having hit the target if the receiver caught the ball by extending his arms whilst 
remaining stationary. The accuracy score arose from the four handballs undertaken in 
each hand-preference (preferred, non-preferred) and vision (look, no-look) condition, 
and could range from 0 (no handball hit the target) to 4 (all handballs hit the target). 
The reaction time (RT ms) and ball flight time (FT ms) were extracted from the video 
recordings and frame counting. The RT was defined as the interval from the moment 
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the caller’s hand moved off their ipsilateral leg to the moment the participant’s 
punching hand made contact with the ball. FT was defined as the interval from the 
moment the participant’s hitting hand made contact with the ball to the moment the 
ball made contact with the receiver’s hands.  
(d) Data analysis 
Following data assumption checks, handball accuracy score, RT and FT were 
analysed separately using two-factor RM ANOVAs, with the factors of Hand-
Preference (Preferred hand or Non-Preferred hand) and Vision (Look or No Look) 
entered as repeated measures variables. Statistical significance was tested with p set at 
≤ 0.05. Small, medium and large effect sizes were regarded as corresponding to 
values of hp2 of 0.0099, 0.0588 and 0.1379 respectively (Richardson, 2011). Data 
analyses were undertaken within SPSS (Version 22.0 SPSS, Inc., Chicago, IL) 
7.5.3. Results 
Accuracy – The RM-ANOVA identified a main effect for Hand preference, F(1, 15) = 
9.62, p < 0.01, hp2 = 0.39, with players more accurate using their preferred hand (M = 
2.75 or 69%, SD = 3.64) than their non-preferred hand (M = 2.13 or 53%, SD = 0.90). 
Similarly, a main effect for Vision was apparent, F(1, 15) = 7.50, p < 0.05, hp2 = 0.33, 
with players more accurate when looking at the target (M = 2.81 or 70%, SD = 0.75) 
than when not looking (M = 2.06 or 52%, SD = 0.81). There was no interaction 
between hand preference and vision, F(1, 15) = 0, p = 1.0, hp2  = 0. The difference in 
accuracy between looking and not looking at the target was the same for the preferred 
hand (M difference = 0.75 or 19%) and the non-preferred hand (M difference = 0.75 
or 19%).  
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Reaction Time – The RM-ANOVA identified a significant main effect for hand 
preference, F(1, 15) = 17.18, p < 0.001, hp2 = 0.53, with players reacting more quickly 
when using their preferred hand (M = 0.71 m, SD = 0.16s) than their non-preferred 
hand (M = 0.81 ms, SD = 0.12). No main effect for vision was apparent, F(1, 15) = 3.54, 
p = 0.079, hp2 = 0.19, and there was no interaction, F(1, 15) = 0.65, p = 0.43, hp2 = 0.04. 
 
Flight Time – The RM-ANOVA identified a main effect for hand preference, F(1, 15) = 
23.74, p < 0.001, hp2 = 0.61. Flight times were shorter (quicker) when players used 
their preferred hand (M = 0.89 ms, SD = 0.10) compared to their non-preferred hand 
(M = 0.98 ms, SD = 0.09). There was also a main effect for vision, F(1, 15) = 25.90, p < 
0.001, hp2 = 0.63. Flight times reached their target more quickly when players were 
looking (M = 0.91 ms, SD = 0.09) compared to when not looking (M = 0.96 ms, SD = 
0.10). There was no interaction between hand preference and vision, F(1, 15) = 3.46, p 
= 0.08, hp2  = 0.19. 
7.5.4. Discussion 
Using a sample of professional Australian footballers in a handballing task, Study 5.3 
attempted to identify some of the kinematic characteristics associated with superior 
preferred-side handball performance. Findings identified that players were more 
accurate, disposed of the ball more quickly and hit the ball with greater speed when 
using their preferred hand. Accuracy and speed of delivery to the target were also 
superior when players directed vision towards their target compared to when not 
looking at the target. 
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With reference to handball accuracy, the present results align to those identified in 
Study 5.2. Consistent with other manual tasks, the use of the preferred hand produced 
a higher level of accuracy (Provins, 1997b). Further, directing vision towards the 
target resulted in greater handballing precision. Additionally, there was no interaction 
between the conditions of hand-preference and vision. As with the right-handers in 
Study 5.3, in the current study, the detrimental effect on handball accuracy from not 
looking at the target was equivalent for the preferred and non-preferred hand. 
 
Findings associated with the reaction time demonstrated that the preferred hand was 
associated with greater speed in responses to an external signal, as well as in the 
planning and initiation of movement execution. Faster RTs on the preferred side 
likely reflect a more highly developed and refined level of motor skill (Yarrow et al., 
2009). Asymmetry in the speed of performing skills such as an AF handball may also 
reflect hemispheric specialisation, evolved to allow specialised parallel processing 
(MacNeilage et al., 2009). 
 
With reference to flight time, the findings revealed that preferred-side handballs 
travelled faster toward intended targets than those executed on the non-preferred side. 
Lower flight times suggest that some element of hand and ball contact, or the force 
applied to the ball, was superior on the preferred side. It is possible that players 
deployed a process involving speed reduction of ball delivery on the non-preferred 
side in an attempt to trade-off for accuracy (Sachlikidis & Salter, 2007). Looking at 
the target also produced faster flight times than when players looked straight ahead. 
Players were less likely to turn their body towards the target and make use of rotation 
movements when continuing to look straight ahead, potentially leading to reductions 
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in ball forces applied (Sarlegna & Sainburg, 2009). Players may have also been able 
to employ flatter, more direct trajectories with the preferred hand compared to the 
non-preferred hand, reducing ball flight times (Elliott et al., 2010). 
 
In their handball task, Parrington et al. (2015b) found that accuracy did not change 
with increasing task complexity while timing measures did. These results initially 
appear contradictory to those of the current study, however the “No look” handball 
may have imposed a set of movement constraints unique to this condition, rather than 
adding a layer of complexity to the “Look” handball skill. 
Limitations 
As with Studies 5.1 and 5.2, a key limitation in the current study relates to the small 
sample size, due to the participants being recruited from a single club. Additionally, 
the non-availability of left-handed participants meant that it was not possible to 
further analyse the impact of between-subject hand preference. 
Practical implications 
Lower performance levels on the non-preferred side may lead players to miss 
opportunities for action during games. 
7.5.5. Conclusion 
Within-subject expertise for preferred-side handballs was demonstrated by greater 
accuracy, faster movement times and reduced ball-flight times.  
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Chapter 8: Conclusion and directions for further study 
 
Research throughout this thesis has used the study of experts’ characteristics to better 
examine and understand how laterality influences individual performance of 
perceptual-motor skills within the context of AF. The body of work aimed to address 
three central questions: How are laterality differences manifested in discrete AF 
perceptual-motor skills? Can any differences be quantified experimentally between 
individuals with right-side and left-side motor preferences in the performance of AF 
perceptual-motor skills? And, what training interventions could coaches consider so 
that greater bilaterality is displayed in perceptual-motor skills related to the modern 
AF game? 
 
The opening section of this chapter is divided into three parts. The first summarises 
and discusses key findings from each of the quasi-experimental studies. The second 
considers the results from all the studies collectively in relation to the broad aims of 
this thesis. The final sections of the chapter reflect on the strengths and weaknesses of 
the approach used, suggest areas for future study, and presents an overall conclusion 
drawn from the body of work here. 
8.1. Key findings 
A review of the extant literature on side dominance supported the view that a strong 
side preference has substantial benefits in response selection, with indications of it 
being a biologically-determined feature of human behaviour (Annett, 2002; McManus 
et al., 2013; Porac, 2016). However, the possibility (and cost) of counteracting this 
preference with extensive training has been noted ever since Bell (1833) observed that 
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opera dancers were obliged to devote twice the time in practice to their left (non-
preferred) limb “in order to avoid awkwardness in the public exhibition” (p. 99).  
8.1.1. Findings from the quasi-experimental studies 
Using a performance analysis approach, Chapter 3 examined side preference for 
executing AF handballs and kicks within a group of professional AF players, with 
data taken from footage of games in progress. In general, while players used both 
upper limbs for executing handballs (preferred side = 57.4%, non-preferred side = 
42.6%), kicking was highly asymmetrical in side used (preferred side = 92.6%, non-
preferred side = 7.4%). Additionally, using a binary measure of disposal 
effectiveness, asymmetries in performance were apparent for kicking (effectiveness: 
preferred foot = 70.8%, non-preferred foot = 59.0%) but not for handball 
(effectiveness: preferred hand = 83.5%, non-preferred hand = 81.3%). Playing 
position also influenced side preference exhibited for upper limb AF skills. 
Midfielders (preferred hand use = 50.6%) demonstrated more symmetry in upper limb 
use when executing handballs compared to players in the half-back and half-forward 
positions (preferred hand use = 70.0%) and key position players (preferred hand use = 
68.6%). The context within which movements are performed influences the degree of 
lateral asymmetry in general (Bryden, 2000) and sport-specific (Carey et al., 2009; 
Stöckel & Weigelt, 2012) movements. In the AF games examined, 89% of handballs 
were performed in play, compared to 51% of kicks being performed in play. 
Therefore, game contexts involving more highly time pressured environments 
appeared to influence the performance of handballs, driving the need for more skilled 
bilateral execution. 
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Chapter 4 used an AF-specific laterality questionnaire to examine distributions of 
handedness and footedness within a large sample of elite junior and professional AF 
players. Distributions of AF kicking footedness, everyday life handedness and AF-
handball handedness demonstrated that compared to other sporting populations, this 
sample of AF players had a lower frequency of self-reported mixed-footedness (4.6% 
versus 45.9% in soccer - Grouios et al., 2002b), a lower proportion of mixed 
handedness for everyday life activities (10.0% versus 16.6% in basketball players - 
Stöckel & Vater, 2014) and a higher incidence of self-reported mixed-handedness for 
sport-specific upper-limb skills (25.9% versus 12.9% in basketball - Stöckel & Vater, 
2014). Handedness for everyday tasks (i.e. EHI) was not associated with the extent of 
lateral preference for either kicking or handball AF skills, suggesting a skill-specific 
modification to limb selection preferences occurring in AF handball (Stöckel & 
Weigelt, 2012). Further, extent of laterality scores were greater for kicking (average 
KLS = 2.0) than handball (average HLS = 1.3), and for kicks after a ‘mark’ (‘KLS 
mark’ = 2.5) compared to those made under external time constraints (‘KLS pressure’ 
= 1.5). Comments collected from players and coaches, and results from the 
questionnaires, revealed a consistent theme indicating that symmetry in hand skill and 
use was regarded as more important in the modern professional AF game than 
bilateral symmetry in kicking skill. Finally, in terms of differences between age 
groups, perceived symmetry in self-reported kicking skill decreased in senior players 
relative to junior Academy players, as did the importance attributed to having bilateral 
kicking skill. This contrasted with self-reported symmetry in handball skill between 
the two hands increasing in senior players compared to juniors, coupled with a trend 
of increasing importance being attributed to bilateral handball skill in older age 
groups. Complementing Chapter 3, the findings highlight the skill- and situation-
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specific nature of lateral preferences in sport skills (Carey et al., 2009), as well as the 
importance of coaching beliefs regarding the development of lateral preference and 
symmetries/asymmetries (cf. Farrow, 2010; Farrow & Ball, 2011). 
 
Chapter 5 examined the potential for negative frequency-dependent advantages to 
exist for left-footed players within the AF game, using the novel approach of 
assessing each individual player’s knowledge about the preferred kicking foot for 
teammates and for opponents from two different opposition teams. Identification 
accuracy and error rates when viewing left-footed compared to right-footed players 
from opposition teams aligned with pre-existing literature suggesting that higher 
frequency of encounters with left-handers/footers could confer advantages in 
identification accuracy in selective sporting situations (Grouios et al., 2000; 
Hagemann, 2009). This provided partial support for the concept of there being 
potential frequency-dependent advantages for left-footed players in AF (Loffing & 
Hagemann, 2012; Raymond et al., 1996), however this effect was not replicated for 
reaction time in Opponent Team 1 or with Opponent Team 2. The findings supported 
the view that perceptual familiarity and experience relate to identification capability 
(Roca et al., 2013). Participants were faster and more accurate in identifying the 
kicking foot of teammates than of opposition players. Further, participants were better 
able to discriminate left-footers from right-footers in their own teammates compared 
to making the same discrimination with opposition team members. These trends were 
moderated by greater familiarity with opposition players (as measured by opposing 
player game experience). Participant game experience was also correlated with faster 
reaction times. The findings from this study indicate that less experienced AF players 
may be more vulnerable to making errors in identifying the kicking foot of opposition 
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players, with potentially negative consequences to team performance (Bradshaw et 
al., 2011; Farrow & Reid, 2012). 
 
Chapter 6 examined a motor skill that is important for AF players to possess but has 
not previously been investigated, namely, ‘snap-kicking’ for goal. The study 
identified performance advantages for kicking on the preferred side. As expected, 
players were more accurate when kicking from a less acute angle (accuracy = 78%) 
compared to kicking from a harder, more acute angle (accuracy = 56%). Players were 
also more accurate when kicking using their preferred foot (accuracy = 76%) 
compared to kicks using their non-preferred foot (accuracy = 57%), supporting 
previous findings about limb-preference and accuracy obtained in experimental tasks 
(Woodworth, 1899) and with sporting skills (Haaland & Hoff, 2003). This was 
particularly evident in the finding that players kicked with similar accuracy from an 
easy angle on the non-preferred foot (accuracy = 69%) as they did from a hard angle 
using the preferred side (accuracy = 67%). Performance asymmetries were also 
evident in the greater number of kicks that did not travel the full distance to goal on 
the non-preferred foot (10%) compared to the preferred foot (2%). In other work, 
preferences have been found to show inter-limb differences in strength (Hart et al., 
2014a) and/or coordination (Ball, 2011). In a qualitative analysis of the movements 
used by this group of professional players, it was also evident that participants used 
different methods on the preferred and non-preferred side (see Hodges et al., 2005 for 
a similar observation in soccer kicking). Individuals appeared to restrict degrees of 
freedom when kicking on the non-preferred foot in an attempt to maintain control, 
suggesting that their development was at an earlier phase of skill acquisition on the 
non-preferred leg (Newell & Van Emmerik, 1989). 
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Chapter 7 examined whether right- and left-side preference differentially affected AF 
skills, using on-ground tests of skill with different degrees of difficulty. Study 5.1 
investigated performance differences between right- and left-footed players in an AF 
set-shot goal-kicking task. Study 5.2 explored differences between right- and left-
handed players in an AF handballing task. Finally, Study 5.3 examined within-player 
performance differences between the preferred and non-preferred side in a similar 
handball task. The goal kicking task employed a man-on-the-mark for the harder 
condition, with the handball task using a ‘look-away’ condition. In Study 5.1, left-
footed players were more accurate than right-footed players in goal kicking from a 
more acute angle relative to goal. In Study 5.2, players with a left-side hand 
preference were less affected by the removal of target vision than right-handers when 
executing preferred-side handballs. In Study 5.3, using a similar handballing task, 
reaction time was faster when the ‘go’ signal indicated use of the preferred hand. 
Players also handballed with shorter ball flight time compared to when using their 
non-preferred hand, suggesting that the preferred side had faster access to the skill and 
more efficient force delivery in execution. Handballing accuracy was also higher and 
ball flight time to the target significantly shorter when ‘looking at the target’ than 
‘looking ahead’. In the professional AF players studied in these studies, both kicking 
and handballing performance results favoured left-side preferring players in Studies 
5.1 and 5.2, with handball performance superior when using the preferred hand in 
Studies 5.2 and 5.3. The studies in this chapter used a limited number of participants 
and trials, and therefore repetition with a larger sample would be desirable. 
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8.1.2. Findings related to the central research aims of this thesis 
(a) Laterality in discrete AF perceptual-motor skills 
This thesis is comprised of a series of studies about how within-individual lateral 
asymmetries affect side preferences for, and performance of, perceptual-motor skills 
in Australian footballers. Within a population of elite AF players, the existence of 
lateral asymmetries in preference and performance of discrete sport-specific AF skills 
has been demonstrated through the various studies. In combination, the research 
findings demonstrated that the extent of preference asymmetry was dependent upon 
the type of skill under analysis (i.e. kicking versus handball), the context in which the 
skill was executed (i.e. the magnitude of time constraints) and a player’s position 
within the team (i.e. midfield versus key position or half position players). These 
observations lend support to a dynamic view of laterality, as influenced by task and 
environmental constraints in addition to individual experiences (Denenberg, 2000; 
Provins, 1997b; Serrien et al., 2006).  
 
In an analysis of games, as well as from questionnaires that probed self-reported skill 
level, performance asymmetries between the preferred and non-preferred sides in 
disposal efficiency were also skill-dependent. No significant differences between the 
preferred and non-preferred side were apparent when handballing during games, 
however players kicked with superior efficiency when using their preferred compared 
to their non-preferred foot. Likewise, in questionnaires, players reported greater 
symmetry of performance in handball compared to kicking. Conversely, on-field 
assessments of performance in ‘snap-kicking’ for goal and handballing quantified a 
consistent superiority in the preferred compared to the non-preferred side. While the 
results from Study 1, and Studies 5.2 and 5.3, appear contradictory, contextual 
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differences in the performance environment of these investigations (i.e. games vs. a 
field-based study), and distinct methods for assessing performance accuracy, may 
explain the contrasting results. Overall, the studies within this thesis suggest that 
lateral asymmetries in the performance of motor skills using either the upper or lower 
limb may be difficult to overcome due to biologically-determined features of the 
neuromotor system (Annett, 2002; Goble & Brown, 2008a). 
 
The AF-laterality questionnaire used in Chapter 4 also emphasised the issue of 
cultural beliefs in the development of lateral asymmetries (Faurie et al., 2005; 
Kushner, 2013), here in the form of player and coach attitudes towards the importance 
and trainability of non-preferred-side kicking compared to handball skill. Overall, 
data from the thesis appears to endorse the concerns of Farrow and Ball (2011) that 
insufficient attention is paid to the development of non-preferred-foot kicking. 
Neglecting to undertake a sufficient volume of practice with the non-preferred leg is 
likely to be a contributing factor to the performance asymmetries reported here 
(Unitas & Dintiman, 1979, p. 115). 
(b) The performance of individuals with right-side and left-side motor preferences in 
AF perceptual-motor skills 
Across the quasi-experimental studies in this thesis, no significant overall group 
differences were found in lateral side preference when AF-handedness or AF-
footedness were considered as the between-groups factor. Examining asymmetries in 
AF-specific behavioural preference during games, there was no significant difference 
between right-handed and left-handed players in the asymmetry of hand or foot use. 
Similarly, there was no significant difference between right-footed and left-footed 
players in the asymmetry of hand or foot use. Further, self-reported everyday life 
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handedness (right-handed, left-handed or mixed-handed) assessed via questionnaire 
was not associated with differences in the degree of lateral preference for AF kicking 
or handball. Although it has been demonstrated elsewhere that left-handers use their 
non-preferred hand more frequently than right-handers (e.g. Mamolo et al., 2006), the 
measures used in Chapters 3 and 4 found no equivalent result. 
 
Additionally, considering sidedness as the between-subject factor, no significant 
overall group differences were found in AF kicking or handball performance between 
individuals with right and left-side preferences. In both the ‘snap-kicking’ task used in 
Chapter 6, and the set-shot goal-kicking task in Chapter 7, no significant overall 
group differences were detected between right-footed and left-footed players in the 
number of accurate kicks for goal. Likewise, the handball task in Chapter 7 identified 
no significant overall group differences between right-handed and left-handed players 
in the accuracy of handballs when ‘looking’ or ‘not looking’ at the target. It has been 
suggested that compared to right-handers, left-handed individuals may possess 
performance advantages such as a greater capacity for sensorimotor tasks (Geschwind 
& Galaburda, 1985), a reduction in asymmetry between hands when learning a novel 
motor task (McGrath & Kantak, 2016), and even that they are less prone to ‘choking’ 
in sport performance as a result of experiencing less interference in motor commands 
from the verbal-analytic left hemisphere (Masters & Maxwell, 2008). However, the 
studies contained here found little support for these proposals. In Chapter 7, left-
footers did kick with greater accuracy than right-footers from one of the more acute 
angles in the set-shot goal-kicking task. In the handball task contained in the same 
chapter, the accuracy of left-handed players was unaffected by not looking at the 
target when using their preferred hand, while this condition caused a significant 
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reduction in accuracy for right-handers. These results were the only ones obtained that 
suggested some differences arising as a consequence of left-side preference, and must 
be interpreted with caution due to low numbers of participants and study trials. 
 
Considering perceptual-cognitive skills, data described in Chapter 5 offered partial 
support consistent with the potential for negative frequency-dependent advantages in 
left-footed AF players (Loffing & Hagemann, 2012; Raymond et al., 1996). 
Participants made more errors and were slower when identifying the preferred kicking 
foot of opposing players who were (a) left-footed, (b) members of an opposing team, 
or (c) less familiar in general. These tendencies were moderated when opponent 
players were more familiar and had played a greater number of professional games. 
Any advantage to left-sided players in AF may therefore be strategic rather than 
innate in nature (Grouios, 2004). 
(c) Practical and coaching implications 
Effective research in the field of sports performance involves a partnership between 
practitioners (i.e. coaches and players) and scientists (Farrow et al., 2013). Coaches 
are always seeking pragmatic opportunities and solutions to performance issues from 
skill acquisition researchers. Players in the modern AF game are under greater 
physical pressure in comparison to 15 years ago, and this has led to an increased 
proportion of breakdowns in perceptual-motor skill (Woods et al., 2017). Increased 
levels of skill are potentially more important to success in the future, as is the 
development of skills that may provide a competitive performance advantage (Pavely 
et al., 2009). The studies in this thesis concur with the recommendation of other 
researchers that professional players should undertake more practice volume on the 
non-preferred side (Parrington et al., 2015a). The findings here revealed a consistent 
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opportunity for enhancing individual and team performance through the development 
of non-preferred-side skill. Chapters 3 and 4 provided evidence that bilateral handball 
skill is a component of expertise in AF. Junior development programs should 
therefore allocate sufficient attention to developing non-preferred-side handball skill. 
 
Despite the findings in Chapters 3 and 4 that bilateral kicking skill is less important 
than bilateral handball skill to elite performance in the modern AF game, models of 
non-preferred-foot use in games imply the potential for achieving greater between-
side symmetry in kicking skill. The study of ‘snap-kicking’ for goal in Chapter 6 
suggested the potential for creating more scoring opportunities during games by 
developing greater symmetry of performance in one specific kicking skill, that of 
making ‘snap-kicks’ for goal. The sequence of photographs below demonstrates how 
opportunities for action are available on the non-preferred side during professional 
games (see Figure 23). 
 
Evidence also supports the proposition that focused skill-acquisition training on the 
non-preferred foot may be beneficial, with the efficacy of non-preferred-side training 
demonstrated in soccer motor performance (Haaland & Hoff, 2003), including 
reductions in functional asymmetry during soccer match-play (Guilherme et al., 2015) 
and decreased asymmetry in dribbling skill (Teixeira et al., 2003). This suggests the 
potential for development of bilateral kicking skills through a targeted intervention. In 
addition to increasing the volume of practice on the non-preferred limb, efficient 
techniques such as video self-modelling could also be employed as an off-field 
training tool, with video sequences of mirror-reversed preferred-foot kicks used to 
allow observation of an apparently well-developed non-preferred side kick (Steel et 
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al., 2011). However, coach and player beliefs concerning the potential and value of 
improving non-preferred-kicking skill would need to be addressed in order to 
implement such an intervention (Carson & Collins, 2015). 
 
 
 
Figure 23. An example of a brief scoring opportunity for a right-footed player using a 
non-preferred-foot ‘snap-kick’ for goal. (a) shows a view from behind-the-goals (one 
of the white goal posts can be seen in the foreground). A ‘stoppage’ has just taken 
place in the red team’s forward (attacking) area of the ground. A player from the red 
team (circled) has just received the ball, and is facing away from the goal. (b) shows 
the same frame from a close-up lateral view. An opponent is moving towards the ball 
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carrier in preparation to execute a tackle. (c) shows the player in the process of 
executing a ‘snap-kick’ for goal using his non-preferred (left) foot. 
 
 
The Kicking Foot-identification task and latency-timing device used in Chapter 5 
offer a portable, easy to use, short-duration procedure that could be implemented, 
adapted, and utilised in the applied sport context. Further, testing and exposure to 
perceptually relevant player information, such as an opponent’s preferred kicking 
foot, may be beneficial for game preparation in team sport contexts (Schorer et al., 
2012). AF players with less experience or experienced players unfamiliar with 
particular opponents may gain most benefit from perceptual training and testing. 
Further analysis should also be undertaken to quantify whether, and to what extent, 
the identification of an opponent’s kicking foot contributes to AF skill. 
 
A possible opportunity for the development of ‘new’ skills may lie in the ‘look-away’ 
handball task employed in Chapter 7. Both individual and team performance 
advantages could be obtained from the development of such skills (c.f Memmert, 
2015). Players who can direct gaze away from their real target and execute (accurate) 
handballs to a teammate without looking at the intended receiving player may be 
more successful in deceiving defenders. 
8.2. Strengths and limitations 
 
Experts undertake a systematic approach to training and preparation aimed at 
maximising the performance of domain-relevant physical capacities and perceptual-
motor skills (Abernethy et al., 2008). The study of a population of elite sports players 
in this thesis allowed the examination of how behavioural asymmetries are potentially 
modified and adapted via extensive practice. Although this was a strength of the 
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thesis, the study of experts also provided challenges in the design and timing of 
studies. The relative scarcity of ‘experts’ is an ongoing issue for the study of their 
performance in sport (Abernethy, 2013). The difficulty of assessing and measuring 
their performance within the confines of their training and competition program 
makes participant availability uncertain, and also imposes restrictions in the type and 
volume of activities that can be employed (Rendell et al., 2011). 
 
Definitional issues also exist in relation to the study of experts, particularly within a 
team sport comprising different positions and roles (Baker et al., 2015). Contrasting 
the results of diverse studies within the field that employ different definitions of 
expertise is therefore a challenge. 
 
A consistent issue in laterality research is also the limited availability of individuals 
with left-sided preferences either in the upper or lower limbs. Participant numbers are 
normally skewed towards containing a greater number of right-sided individuals. If 
possible, future studies should attempt to involve greater numbers of left-footed 
players in particular, to better assess their performance characteristics in comparison 
to right-footed players. 
 
The series of studies contained here offered an overall assessment of how issues 
related to within- and between-individual laterality manifest themselves in the 
performance of AF skills. Performance analysis of preference and performance 
asymmetries, a sport-specific questionnaire and field-based assessments of 
performance were used to provide multiple perspectives on AF sport–specific 
laterality.  
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The studies also included an assessment of skills that had not been studied previously 
– i.e. snap kicking for goal, identification of the preferred kicking foot of team-mates 
and opponents, set-shot goal kicking with a man-on-the-mark, and execution of a 
‘look-away’ handball. These investigations have created the beginnings of an 
evidence base for further examination. A novel assessment method of preferred 
kicking-foot identification involved the use of signal detection theory in analysing the 
relative performance of players in identifying right- and left-footed opponents. 
8.3. Further study 
Assuming sufficient participant availability within a similar population of elite 
players, both the ‘snap’ and set-shot goal kicking tasks could employ more trials per 
participant, as well as greater variety in shot distances and angles in order to more 
comprehensively investigate performance in these critical skills, and provide 
standardised performance tests for elite players. 
 
More ecologically valid investigations of bilateral skill could incorporate perceptual-
cognitive skills in combination with the analysis of motor tasks. Where a decision 
choice can be made between the right- and left-side (either in handballing or kicking), 
what side do players use, and with what relative degree of performance? This could 
involve a more refined assessment of sidedness within specific contextual situations 
in game analysis. 
 
Further investigation of potential negative frequency-dependent advantages for left-
footed players also could be undertaken using a more ecologically valid task. In 
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addition, analysing the efficacy of a training intervention for the identification of 
preferred kicking foot may reveal opportunities for performance enhancement. 
 
Bilaterally different movement patterns were noted qualitatively in the ‘snap-kicking’ 
task in Chapter 6. Multidisciplinary investigations of kicking in future could involve 
biomechanists and skill acquisition specialists to examine whether performance 
similarities can be achieved using different coordination patterns on the preferred and 
non-preferred sides (Parrington et al., 2015a).  
 
Further investigation of the attributes, developmental background and training history 
of players who achieve bilateral symmetry in preference and performance of AF 
kicking (and handball) skill could be valuable for AF clubs. Similarly, longitudinal 
research examining the development of kicking skill on the preferred and non-
preferred feet by sub-elite juniors, e.g. within a professional club’s academy, may 
uncover information on the potential for individuals to achieve bilateral symmetry in 
kicking performance. 
8.4. Conclusion 
The series of research studies in this doctoral thesis aimed to provide some answers 
regarding the question of how human laterality affects the performance of perceptual-
motor skills within specific populations. The sport of Australian football is now 
highly competitive with many of the avenues for performance improvements in 
physical conditioning and injury prevention having received significant training and 
research interest over the last 20 years (Norton, 2016; Woods et al., 2017). The area 
of skill performance remains one with potential for a team obtaining future 
competitive advantage (Sullivan et al., 2014).  
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The confluence of game rules, the evolution of team strategies and coaching 
philosophy has led to frequent bilateral upper limb skill execution but relatively 
unilateral lower limb skill performance. There appears to be a discrepancy between 
the recommendations outlined in coaching textbooks and scientific research, and the 
practical application of coaching regarding the development of bilateral lower limb 
skill. It is possible that the time and energy requirements involved in developing skill 
on the non-preferred leg are too great for players and coaches to make this a part of 
the overall training program (Provins, 1997b; Sparrow, 2000). 
 
There is still much to learn about the impact of laterality on performance in sport 
(Loffing et al., 2016). There is a strong drive towards unilateral skill development in 
AF due to biological and cultural reasons. However, given the observation of reduced 
lateral preferences in elite players when executing a specific skill, handball, players 
and teams aiming to maximise game performance in Australian football could find 
further improvements with the consideration of laterality from the perspective of both 
perceptual-cognitive (e.g. kicking-foot identification) and motor (e.g. non-preferred-
foot ‘snap-kicking’ for goal) skills. 
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Appendix A. The Australian Football Laterality Questionnaire (AUFLQ) 
 
Your age in years: 
 
1) How many years have you played organised team Australian football (AF) - e.g. 
school teams, league teams, university, college, professionally, etc.? YEARS =  
 
2) How many of these years included coached practice by a coach? YEARS =  
 
3) Have you ever been encouraged by a coach to practice using your non-preferred 
foot? (Yes / No). 
 
4) If yes, what proportion of your coaches actually made you practice with your 
non-preferred foot? Please give an approximate percentage. ANSWER =  
 
AF-specific questions: For EACH of the following kicks, which foot would you use 
to execute that kick? 
 
Answer using one of the following numbers: 1=Always left foot, 2 = Usually left 
(90%), 3 = Frequently left (70%), 4=No preference, 5 = Frequently right (70%), 6 = 
usually right (90%), 7=Always right foot.  
 
5) Set shot -  
6) Snap at goal -  
7) Long pass on run -  
8) Short pass on run -  
9) Kick after pushing back from the mark -  
10) Quick kick from stoppage -  
11) If you have to turn quickly, which way would you turn? (with the ball) -  
 
12)  How alike are your two feet in terms of kicking performance (i.e. rate the level 
of similarity between your skill kicking on the right foot, and on the left foot)? 
 
Answer: 1=Not at all alike, 2 = Low, 3 = Slightly, 4 = Somewhat, 5 = Moderately, 6 
= Very, 7=Extremely alike. 
 
13) Do you practice snap kicks for goal in current training? YES / NO 
 
14) Do you practice snap kicks for goal on the non-preferred foot? YES / NO 
 
15) Do you practice drop punts on the non-preferred foot? YES / NO 
 
16) Does your current coach encourage practice on the non-preferred foot? YES / NO 
 
17) How important do you think “two-footedness” (e.g. being equally skilled with 
both feet) is for a skilled professional AF player? 
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Answer: 1=Not at all important, 2 = Low importance, 3 = Slightly important, 4 = 
Somewhat important, 5 = Moderately important, 6 = Very important, 7=Extremely 
important.  
 
 
- Which HAND do you prefer for the following activities? 
 
Answer using one of the following numbers: 1=Always left hand, 2 = Frequently 
left, 3 = No preference, 4 = Frequently right, 5 = Always right hand.  
 
18) Writing 
19) Drawing 
20) Throwing 
21) Using scissors 
22) Toothbrush 
23) Using a knife (without fork) 
24) Using a spoon 
25) Using a broom (upper hand) 
26) Striking a match (holding the match) 
27) Opening a box (holding the lid) 
 
28) Golf 
29) Batting 
30) Tennis 
 
31) Which hand would you use for a long handball (requiring a higher level of 
force)? 
 
Answer: 1=Always left hand, 2 = Usually left (90%), 3 = Frequently left (70%), 
4=No preference, 5 = Frequently right (70%), 6 = usually right (90%), 7=Always 
right hand.  
 
32) Which hand would you use for a short handball (with a low force requirement)? 
 
Answer: 1=Always left hand, 2 = Usually left (90%), 3 = Frequently left (70%), 
4=No preference, 5 = Frequently right (70%), 6 = usually right (90%), 7=Always 
right hand.  
 
33) Have you ever been encouraged by an AF coach to practice handballing using 
your non-preferred hand? (Yes / No). 
 
34) If yes, what proportion of your coaches actually made you practice with your 
non-preferred hand? Please give an approximate percentage.  ANSWER = 
 
35) Does your current coach encourage handball practice on your non-preferred 
hand? (YES / NO) 
 
36) How alike are your two hands in terms of handball performance? 
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Answer: 1=Not at all alike, 2 = Low, 3 = Slightly, 4 = Somewhat, 5 = Moderately, 6 
= Very, 7=Extremely alike. 
 
37) How important do you think “two-handedness” (e.g. being equally skilled with 
both hands) is for a skilled professional AF player? 
 
Answer: 1=Not at all important, 2 = Low importance, 3 = Slightly important, 4 = 
Somewhat important, 5 = Moderately important, 6 = Very important, 7=Extremely 
important. 
 
 
Mark a point on the line to indicate your level of concern for an injury to the 
following parts of your body (NOTE – please respond with how YOU feel, rather 
than what others might expect you to do). Marking a line towards the far left of 
the scale would indicate that you have a low level of concern for an injury to that 
part of your body. Marking a line towards the far right of the scale would 
indicate that you have a very high level of concern for an injury to that part of 
your body. 
 
Here is an example of what one of your answers could look like: 
 
 
 
 
 
38) Right hand / wrist / elbow / arm / shoulder? 
 
 
 
 
39) Left hand / wrist / elbow / arm / shoulder? 
 
 
 
 
40) Right foot / ankle / knee / leg / hip? 
 
 
 
 
41) Left foot / ankle / knee / leg / hip? 
 
 
 
 
 
 
 
 
Extremely 
concerned 
Not at all 
concerned 
Not at all 
concerned 
Not at all 
concerned 
Extremely 
concerned 
Not at all 
concerned 
Extremely 
concerned 
Extremely 
concerned 
Extremely 
concerned 
Not at all 
concerned 
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42) Back & neck 
 
 
 
 
43) Head & face 
 
 
 
 
Mark a point on the line to indicate your level of commitment to rehabilitation: 
 
44) For an injury to the right side of your body? 
 
  
 
45) For an injury to the left side of your body? 
 
Not at all 
concerned 
Extremely 
concerned 
Not at all 
concerned 
Extremely 
concerned 
No effort 
Large effort 
No effort Large effort 
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Appendix B. The Australian Football Coach Laterality Questionnaire 
(AUFCLQ) 
 
1) What year did you first start playing AF as a junior?  
2) How old were you when you started? 
3) What was the highest level of senior football you played? 
4) If you played with a professional club, what year did you start playing at that 
level?  
5) What year did you start coaching AF? 
 
KICKING: 
 
6) When you played, were you encouraged to practice kicking on your non-preferred 
foot? YES / NO 
 
7) Did you actually practice kicking on your non-preferred foot? YES / NO 
 
8) How often would you practice on the non-preferred foot?  
 
ANSWER: 1 = Never, 2 = Rarely, (<10% of training sessions), 3 = Occasionally 
(~30%), 4 = Sometimes (~50%), 5 = Frequently (~70%), 6 = Usually, in about 90%, 7 
= Every session. 
 
9) How alike were your two feet in terms of kicking performance? 
 
ANSWER: 1=Not at all alike, 2 = Low, 3 = Slightly, 4 = Somewhat, 5 = Moderately, 
6 = Very, 7=Extremely alike. 
 
10) When coaching, have you ever encouraged senior players to practice kicking 
using their non-preferred foot? YES / NO. 
 
11) Do you encourage current players to practice kicking on their non-preferred foot? 
YES /NO 
 
12) How important do you think “two-footedness” (e.g. being equally skilled with 
both feet) is for a skilled AFL player? 
 
ANSWER: 1=Not at all important, 2 = Low importance, 3 = Slightly important, 4 = 
Neutral, 5 = Moderately important, 6 = Very important, 7=Extremely important.  
 
HANDBALL: 
 
13) Were you encouraged to practice handball on your non-preferred hand as a 
player? YES / NO 
 
14) Did you actually practice handball on your non-preferred hand? YES / NO 
 
15) How often would you practice on the non-preferred hand?  
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ANSWER: 1 = Never, 2 = Rarely, (<10% of training sessions), 3 = Occasionally 
(~30%), 4 = Sometimes (~50%), 5 = Frequently (~70%), 6 = Usually, in about 90%, 7 
= Every session. 
 
16)  How alike were your two hands in terms performance? 
 
ANSWER: 1=Not at all alike, 2 = Low, 3 = Slightly, 4 = Somewhat, 5 = Moderately, 
6 = Very, 7=Extremely alike. 
 
18) As a coach, have you ever encouraged senior players to practice handballing 
using their non-preferred hand? (Yes / No). 
 
19) Do you encourage current players to practice handball on their non-preferred 
hand? (YES / NO) 
 
20) How important do you think “two-handedness” (e.g. being equally skilled with 
both hands) is for a skilled AFL player? 
 
ANSWER: 1=Not at all important, 2 = Low importance, 3 = Slightly important, 4 = 
Somewhat, 5 = Moderately important, 6 = Very important, 7=Extremely important. 
 
  232 
Appendix C. Comments from players and coaches regarding the development of 
bilateral AF skills 
 
Senior player comments: 
 
1) Lack of encouragement for development of NP kicking skill 
 
As I got older, I received less and less encouragement to kick on my non-preferred 
foot. 
 
I only specifically practise non-preferred kicking during pre-training skills. 
 
I feel that practising in training would be seen as being “showy” by coaches and 
players. 
 
When I came to this club, the training focus was all about kicking on the preferred 
foot. At my previous club, we practised on both sides. It was a very noticeable 
difference. 
 
I would kick on my (non-preferred) left foot in training less than 10% of total time. 
 
I practise a tiny amount of non-preferred kicking. 
 
The question of whether our current coach encourages practice on the non-preferred 
leg. I think he doesn't mind us practising non-preferred kicking, but not to the 
detriment of the training drill. 
 
I was encouraged more in juniors to kick on non-preferred leg. 
 
Our coach only encourages a minimal amount of non-preferred kicking. 
 
If you can get on to your preferred foot to kick, you do. 
 
I wasn't a good kick when I first got into the (professional) system, so was told to 
focus on my preferred foot. I would encourage young players now to use both feet. 
 
It's always been about playing to your strengths (talking about kicking almost 
exclusively on the preferred foot). 
 
My dad always encouraged me to practise kicking on my non-preferred leg. 
 
I have been actively discouraged at times from practising kicking on my non-
preferred foot. 
 
I only practise non-preferred kicking before full team training starts. 
 
I only practise non-preferred kicking before training. 
 
Our development coach encourages non-preferred-kicking practice. 
  233 
 
When I started here I probably kicked equally as often on my right and left foot, but 
after arriving was encouraged to use only my preferred. 
 
I don’t practise non-preferred snaps as much as I practise preferred foot ones. 
2) Importance of bilateral handball skill 
 
Coaches assume that you can handball with both hands - it is a “given” skill. 
 
Being able to handball on your non-preferred is more important than kicking. 
 
Being able to handball using both hands is more important than to kick on both feet. 
 
It is taken for granted by coaches that you can handball with both hands. 
 
Only after I started playing professionally (i.e. here) was I encouraged to practise and 
use non-preferred hand. 
 
I am better on my non-preferred hand compared to my preferred these days. 
 
My non-preferred hand is more accurate but the distance capability far less. 
 
I still don't feel quite as coordinated on my (non-preferred) left hand. 
 
3) Potential value of being able to kick using the NP foot 
 
You can see in players that kick well on the non-preferred, they are harder to play on. 
 
One thing I wish is that I had worked on more was non-preferred-kicking skills. 
 
Everyone knows I'm a right footer, so going on to my left gives more opportunities. 
 
We get injuries so having both sides available to kick on gives more flexibility. 
 
If you can kick well on the non-preferred foot it is extremely valuable. It gives you a 
lot more options. 
 
4) Other 
 
80% of the week I kick on my (non-preferred) left now due to knee problems. 
 
In 2002, I broke my (preferred) right index finger and it still hurts to handball with 
that hand. 
 
Which way I turn will depend where the defender is. 
 
Being able to kick on your non-preferred foot is more important in the modern game 
because of the defensive shape set up by teams. 
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Anything I do one-handed I use my left (e.g. tennis), anything two-handed I do with a 
"right hand" grip (e.g. golf). 
 
I would only kick on my non-preferred leg when in trouble or under a lot of pressure. 
 
Right-handed golf clubs were the only ones I had, therefore I learnt to play that way 
even though I was left-handed. 
 
In terms of similarity between my legs in kicking skill, it depends upon which type of 
kick. For snaps I am pretty good on my non-preferred leg. 
 
I wasn't actively encouraged as a junior to practise non-preferred handballing, 
probably because I could do it already. 
 
Harder to kick short on my (non-preferred) left. 
 
I came from soccer, so could kick on both sides when I started AFL. 
 
Coach comments 
 
It is easier to develop good handball skills on both sides of your body than it is to 
develop kicking on both sides. 
 
As a junior I kicked on both sides, but at senior level we were encouraged to use only 
our preferred side, and that is how my coaching has evolved. 
 
When I played, everyone would practise kicking using both feet, and it was 
considered important. I do not see that in training or games in the modern game. 
 
Handball is different to kicking because we coach players to run with the ball and 
then kick on the preferred leg, whereas a handball must be done quickly to get free of 
congested situations. 
 
I have changed my philosophy about using the non-preferred foot. The pressure is too 
great now not to use both sides at times. Until recently I would never encourage a 
player to use their non-preferred leg. 
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Appendix D. Laterality frequency, team familiarity, and game experience affect 
kicking-foot identification in Australian football players 
 
Original research
Laterality frequency, team familiarity,
and game experience affect kicking-foot
identification in Australian football players
Benjamin B Moore1, Roger D Adams2, Nicholas J O’Dwyer1,
Kylie A Steel3 and Stephen Cobley1
Abstract
This study examined whether laterality frequency, team familiarity, and game experience affected preferred kicking foot
identification in professional Australian Football players. Using a repeated-measures experimental design, 13 and 10
players, respectively, identified the kicking foot of 30 teammates and 30 opponents using static images in a randomised
sequence. Accuracy (%), reaction time (RT ms), and discrimination capability indices were examined. Overall, participants
were less accurate and had slower reaction times when identifying the kicking foot of opposing team players relative to
the speed and accuracy of identifying teammates. Significantly lower discrimination accuracy was also evident in partici-
pants’ capability to identify left-footed players from two different opposing teams. In moderating trends, opposing player
game experience was correlated with accuracy and reduced reaction times, while participant game experience corre-
lated with faster reaction times only. Laterality, (opposing) team familiarity, and game experience affect kicking foot
identification in Australian Football with training and performance implications.
Keywords
Perceptual-cognitive skill, reaction time, sport expertise
Introduction
Research in perceptual-cognitive sport expertise has
consistently demonstrated superior-acquired character-
istics in highly experienced or expert performers relative
to intermediates or novices.1,2 These include a greater
ability to anticipate and predict the physical movements
of an opponent,2 better recognition of emerging pat-
terns of play3 and superior capability to predict the
location and directional outcome of movement or pro-
jectiles.4 In both team and individual sport contexts, it
is visual and perceptual domain exposure along with
the development of sport-specific knowledge and
memory5 accumulated via extensive training and com-
petition that appear critical to perceptual-cognitive
skill. Support for this notion is also derived from situ-
ations of low perceptual familiarity and when highly
experienced performers lose their perceptual-cognitive
advantage with potential performance costs;6 and
research in laterality (or hand or foot preference) also
supports this position.7
Amongst the general population, there is a lower
frequency of left-handers or left-footers, yet an over-
representation occurs in several elite sport contexts.8
When faced with less frequent left-handed opponents,
a compromised ability to anticipate shot outcome has
been observed in tennis,7 handball goalkeeping,9 and
volleyball.4 Similarly in team sports, Baumann et al.10
for example, identified that 76% of left-footed penalties
were successful compared to 72% of right-footed in the
German Bundesliga between 1995 and 2007. The bene-
fit for left-handers/footers has collectively been termed
the negative frequency-dependent advantage hypoth-
esis8 and suggests performance advantages gained
from perceptual-cognitive experience are dependent
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upon the frequency and similarity of the movements
and actions being observed and analysed.6
The significance of laterality-associated movement,
and the ability to identify and respond to it is evident
in many sporting contexts, whether individual (e.g.
tennis11), combative (e.g. boxing8,12) or team-based
(e.g. Australian Football [AF] or soccer). In AF, percep-
tual-cognitive skills are particularly important13 as
players continuously interact with opponents and team-
mates at diﬀerent distances when executing a kick, evad-
ing a tackle14 or when receiving or defending a pass.15
Players need to make fast and accurate perceptual and
anticipatory judgments in time-constrained conditions
in regard to player and ball movements as the game
unfolds.16 Although both lateral sides can be used for
kicking and handling in AF,17 most elite players exhibit
a strong ‘footedness’ preference18 and coaches expect the
dominant foot to be used in most instances.19 The fre-
quency of left-footed players in AF is estimated to be
approximately 20%, based on the number of profes-
sional players to have made at least one first-grade
appearance during the 2015 season,20 and so this may
provide frequency dependent (dis)advantages.
In the absence of knowledge regarding kicking-foot
preference, the reliance on using ‘present time’ player
biological motion to identify and make decisions may
lead to missed opportunities for early identification and
recognition as well as incorrect interpretation.21
Likewise, attention may be incorrectly allocated at par-
ticular time points6,22 and situational probabilities (or
heuristics) based on prior experience cannot be utilised
to make anticipatory judgments.23,24 These concerns
are likely more pertinent in less experienced players,
who are less able to extract meaning from kinematics
for forthcoming movements.25 Therefore, a player’s
default option – based on lower frequencies and experi-
ence – may be to assume that an opposing player has a
right-foot kicking preference; even though this may be
costly in terms of inaccurate or slower recognition in
game situations.6 To illustrate, Figure 1 highlights the
occurrence and consequence of such an error in a pro-
fessional AF game. The oﬀensive player has time and
space to kick with the preferred left-foot after the
defender incorrectly assumes or inaccurately identifies
a right-footed kick. Such perceptual-cognitive errors
can lead to detrimental performance outcomes (e.g.
points conceded); hence, determining whether players
are less accurate or slower in recognising the less fre-
quent left-footed players is practically significant,26 and
trying to prevent such errors may be beneficial.
The aim of this study was to determine whether
professional AF players’ accuracy, reaction time, and
discrimination of ‘Kicking Foot’ identification (Kicking
Foot-ID) were aﬀected by left- vs. right-footer frequen-
cies, team-mates vs. opposing team members, and game
experience. As kicking foot preferences are unevenly
distributed and familiarity is acquired over time, our
Hypothesis 1 stated participants would be less accurate,
and slower in identifying left-footers. Hypothesis 2 pre-
dicted participants would be more accurate, faster, and
more capable in identifying the preferred kicking-foot
of teammates than opposing players. Hypothesis 3,
then predicted that game experience would moderate
these capabilities, leading to better accuracy, lower
Figure 1. Illustration of Kicking-Foot identification error in
professional Australian Football League (AF) (with photo permis-
sion from AF). (a) The defender preparing to ‘man-the-mark’ goes
towards the right shoulder of the opposing player. He is expecting
the opponent to swivel right and use his right foot for kicking. (b)
The attacking player receives the ball and steps to his left. The
defender is still moving towards the right shoulder of the attacker.
(c) The attacking player nowprepares to kick using his left foot. The
defender is out of position and cannot react quickly enough to
tackle and prevent a ‘left-foot’ kick. (d) The attacking playermakes a
successful forward kick using his left foot.
352 International Journal of Sports Science & Coaching 12(3)
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reaction times (RTs), and an enhanced capability to
discriminate the preferred kicking foot used by oppos-
ing players. Likewise, opposing players with more game
experience would be more accurately and quickly
identified.
Method
The study procedure was undertaken on two separate
occasions during the final third of an AFL season.
Diﬀerent participant groups were used on each occa-
sion, and participation in either Part 1 or 2 of the study
was aligned to those players selected to play against the
upcoming opposing team in that week of the season
(i.e. Opponent 1 or Opponent 2).
Participants
Following University ethics committee approval, 13 (M
age¼ 26.8 years, SD" 4.06) and 10 (M age¼ 27.0,
SD" 2.88) male AF players, respectively, from a pro-
fessional football club, participated in parts one and/or
two of the study (three participated in both parts).
Participants had varying levels of ‘first-grade’ AF com-
petition experience (Opponent 1 participant group –M
games played¼ 122.6, SD" 80.4; Opponent 2 partici-
pant group – M¼ 117.4, SD" 82.6). At the time of
data collection, all participants were adhering to club
training, competing in the regular season, and were
healthy and free from injury.
Procedure
Participants completed a standardised 15-min Kicking-
Foot Identification (Kicking Foot-ID) video task using
a 38-cm notebook monitor (ACER Aspire 9420). In a
quiet room, seated 1m from a computer screen pos-
itioned at eye-level, participants were shown a rando-
mised sequence of 60 player photos that included 30
teammates and 30 upcoming opposing team players.
Opposing players were randomly integrated with the
participants’ own team players. Opponent players
were chosen for the sequence on the basis of those
players most frequently selected in the team’s playing
squad up to that point in the season. Figure 2 provides
a hypothetical randomised sequence illustration of
player video presentation. Participants had to identify
as accurately and quickly as possible, the kicking-foot
preference (i.e. left or right-footed) of each player.
Kicking-foot preference was determined using the
player profiles held by Champion Data Statistics.20
The colour photographs of teammates and oppos-
ing team members were obtained from publicity shots
on respective club websites. All were similar in style,
displaying head and shoulders and wearing the stand-
ard club playing shirt. Adobe Premier Pro 1.5 soft-
ware (Adobe Systems Incorporated, San Jose, CA,
USA) was used to edit and randomise photos into
the video sequences. This process occurred twice,
once for Opposition Team 1 and again for
Opposition Team 2. The Kicking Foot-ID task was
initiated with an introduction slide (i.e. 15 s) followed
by the 60 photos. Each started with a blank screen
(2 s), followed by a notice ‘Subject #’ (3 s), and then
the player photograph (1 s; width 16.5 cm, height
18 cm). The sequence finished with an ‘End of Test’
notice (i.e. 10 s). Video total duration was 6min and
25 s; 7 of 30 ‘‘Own Team’’ players (i.e. 23%), 9 of 30
in Opposition Team 1 (30%) and 6 of 30 in
Opposition Team 2 (20%) were left-footed.
A latency-timing box25 captured participant
responses. The box panel consisted of a central home
Opponent 1 
Opponent 2 
Player 1 Player 2 Player 3 Player 4 Player 5 Player 6 Player 7 
OwnT-RF OppT-RF OwnT-RF OwnT-RF OppT-RF OppT-LF OwnT-RF 
Player 1 Player 2 Player 3 Player 4 Player 5 Player 6 Player 7 
OwnT-RF OppT-RF OwnT-LF OwnT-RF OppT-LF OppT-RF OppT-RF 
Figure 2. Diagrammatic and hypothetical illustration of randomised sequence presentation for the first seven photographs for
Opponent 1 test and Opponent 2 test with Own Team players inter-dispersed (note: each player’s head and shoulders were included
in the actual presentation).
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key (starting position) and six equidistant (i.e. 5.18 cm)
response certainty keys, arranged adjacent and in a semi-
circular pattern. Participants applied dominant hand
index finger pressure on the home key and responded
by moving to a choice key as quickly as possible. The
three key choices to the right represented levels of cer-
tainty for a right-foot identification decision (i.e.
RF-LC¼ right foot – low certainty; RF-MC¼ right
foot – medium certainty; RF-HC¼ right foot – high
certainty), while the three keys to the left represented
certainty levels for a left-foot decision (LF-LC¼ left
foot – low certainty; LF-MC¼ left foot – medium cer-
tainty; LF-HC¼ left hoot – high certainty). The latency-
timing device enabled valid measurement of response
accuracy, reaction time (i.e. initial release of pressure
from home key), and response certainty. As part of the
device, a light sensor placed onscreen activated an exter-
nal millisecond timing device connected to both the
laptop and latency apparatus.25 This timer avoided soft-
ware interruptions and guaranteed millisecond accuracy
of latencies. All data were transmitted and stored using
purpose written software (RL-Timer V1.0, University of
Sydney, Australia).
Participants completed the Kicking Foot-ID task in
an afternoon two days prior to an upcoming game at a
time representing the transition point between recovery
from a prior game and approaching game preparation.
This point was prior to any coach-led meetings, video
review or preparation, or team-specific preparatory
training sessions. Following task completion, a brief
semi-structured interview confirmed whether players
experienced any diﬃculties and whether they had
undertaken any form of preparation toward the up-
coming game. No players reported diﬃculties or prior
preparation.
Data analysis
Accuracy and latency (reaction time). Kicking Foot-ID
accuracy (% correct) and latency (RT ms) were ana-
lysed separately using a two-factor repeated measures
(RM) ANOVA, with the factors of Foot (Left-Right)
and Team (Own-Opposition) entered as independent
variables.
Foot preference discrimination: Receiver operating curve
analysis. To assess participant capability in Kicking
Foot-ID, a non-parametric signal detection receiver
operating curve (ROC) analysis was used.27 Left-
footers were considered as signals and right-footers
as noise, and decision certainty levels represented dif-
ferent response cut-oﬀs. That is, increasing levels of
certainty of the stimulus being a signal. Data were
entered into the ROC sub-routine within SPSS
(Version 22.0 SPSS, Inc., Chicago, IL). Preferred
foot (i.e. ‘left or right-footer’) was entered as a state
variable and certainty rating entered as the continuous
variable. The ROC routine generated an area under
the curve (AUC) value for each participant reflecting
accuracy and certainty, with 0.5 representing chance
and 1.0 representing perfect Kicking Foot-ID discrim-
ination. A paired t-test analysed the diﬀerence
between AUC scores for Own-Team and Opposition-
Team members.
Game experience. To determine whether player game
experiences aﬀected preferred Kicking Foot-ID,
Pearson’s correlations examined whether participants’
own professional game experience (i.e. AF games
played), and the number of games played by an oppon-
ent were correlated with Kicking Foot-ID accuracy,
RT, and discrimination capability.
Results
Mean accuracy and RT responses according to
Preferred Kicking Foot and Own and Opposing Team
members are summarised in Figures 3 and 4.
Accuracy of Kicking Foot Identification (KF-ID)
Opponent 1. RM-ANOVA for Kicking Foot-ID
Accuracy for Opponent 1 revealed significant main
eﬀects for Foot, F(1, 12)¼ 101.53, p< 0.001, !2p¼ 0.89
and Team, F(1, 12)¼ 115.48, p< 0.001, !2p¼ 0.91.
Identification accuracy was lower when participants
attempted to identify left-footed players, and when
they attempted to identify the kicking foot of oppos-
ition players. Likewise, there was a Foot"Team inter-
action, F(1, 12)¼ 103.33, p< 0.001, !2p¼ 0.90. The
reduction in identification accuracy when viewing
left-footers relative to right-footers was greater for par-
ticipants when they viewed opposing team members
compared to when viewing teammates.
Opponent 2. RM-ANOVA revealed that while mean
patterns were close to significance, no main eﬀect for
Foot was evident, F(1, 9)¼ 3.94, p¼ 0.08, !2p¼ 0.30, or
the interaction, F(1,9)¼ 4.432, p¼ 0.07, !2p¼ 0.33.
However, a main eﬀect for Team was evident,
F(1, 9)¼ 7.97, p< 0.05, !2p¼ 0.47. Identification accuracy
was lower when participants attempted to identify the
kicking foot of opposition players.
Latency of KF-ID (reaction time)
Opponent 1. In terms of reaction time in Kicking Foot-
ID, RM-ANOVA identified no main eﬀect for Foot,
F(1,12)¼ 1.56, p¼ 0.24, !2p¼ 0.12, though a significant
main eﬀect for Team was apparent, F(1, 12)¼ 25.51,
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p< 0.001, !2p¼ 0.68, with slower reaction times occur-
ring when participants were responding to images of
opposing players. There was no interaction,
F(1,12)¼ 0.01, p¼ 0.91, !2p¼ 0.001.
Opponent 2. There was again no main eﬀect for Foot,
F(1,9)¼ 0.09, p¼ 0.77, !2p¼ 0.01, though there was a
main eﬀect for Team, F(1, 9)¼ 65.39, p< 0.001,
!2p¼ 0.88, with slower reaction times when recognising
opposing players. The interaction was significant,
F(1, 9)¼ 5.62, p< 0.05, !2p¼ 0.39, as participants were
faster in reacting to left-footers in Opposition 2 team
members. This suggested something unique about
Opposition 2, and a follow-up t-test revealed that
career games played by Opposition 2 members
(M¼ 116.55, SD¼ 83.15) were significantly greater
than Opposition 1 (M¼ 75.07, SD¼ 66.35; t(60)¼
"1.98, p< 0.05). The game diﬀerences specifically in
left-footers were not significant, though the small
sample size and descriptive statistics should be noted
(i.e. Opponent 2 – M¼ 135.5 games; SD¼ 63.49;
Opponent 1 – M¼ 77.44 games; SD¼ 78.52).
Figure 4. Mean reaction latency (ms) of participants for identifying kicking foot preference when viewing images of team-mates
(Own Team) and images of opposing team members (Opposition 1 and 2).
Figure 3. Mean response accuracy (% correct) of participants for identifying kicking foot preference when viewing images of team-
mates (Own Team) and images of opposing team members (Opposition 1 and 2).
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Foot preference discrimination: ROC analysis
Opponent 1. ROC analysis produced AUC scores indi-
cating the capability to identify left-footers from right-
footers in the sample of players. A paired t-test between
Own-Team (AUC M¼ 1.0) and Opponent 1 (AUC
M¼ 0.81) showed a significant superiority in the cap-
ability to identify left-footers amongst teammates rela-
tive to opposing team members (p< 0.001,M diﬀerence
in AUC¼ 0.19, 95% CI¼ 0.12–0.25).
Opponent 2. Similarly, the t-test for Own-Team (AUC
M¼ 0.99) and Opponent 2 (AUC M¼ 0.88) also
showed a superior capability in identifying left-footers
amongst teammates relative to Opposing team mem-
bers (p< 0.05, M diﬀerence in AUC¼ 0.11, 95%
CI¼ 0.03–0.19).
Game experience
Opponent 1. The number of games played by partici-
pants was not correlated with Kicking Foot-ID accur-
acy or associated with discrimination capability (i.e.
AUC scores, r¼ 0.29, p¼ 0.33). However, games
played was correlated with the average RT (i.e. left
footers r¼"0.59, p< 0.05; right-footers, r¼"0.62,
p< 0.05); that is, participant game experience was asso-
ciated with faster RTs. When opposition members had
more game experience, accuracy increased when par-
ticipants attempted to identify left-footers (r¼ 0.71,
p< 0.05) but not right-footers (r¼ 0.27, p¼ 0.12), and
average RTs reduced (i.e. left-footers, r¼"0.72,
p< 0.05; right-footers, r¼"0.63, p< 0.005).
Opponent 2. The number of career games played by par-
ticipants was not correlated with Kicking Foot-ID
accuracy, average RT or discrimination capability.
Professional game experience in Opponent 2 members
was not correlated with Kicking-Foot ID accuracy.
However, it was associated with reductions in average
RT for Kicking Foot-ID for right-footers (r¼"0.84,
p< 0.005), but not left-footers.
Discussion
This study examined whether laterality frequency,
team familiarity and game experience aﬀected
Kicking Foot-ID in a sample of professional
Australian Football players using a repeated-measures
experimental design and indices obtained from a
response latency device.25 Findings identified that for
Opponent 1, professional AF participants were signifi-
cantly less accurate, with strong eﬀect sizes, in iden-
tifying left-footed than right-footed players, and that
the accuracy of identifying the preferred foot was
greater when viewing team-mates compared to when
viewing opposing team members. By contrast, lateral-
ity did not aﬀect RTs. In terms of identification accur-
acy and error rates, these findings provide partial
support for Hypothesis 1, the frequency-dependent
hypothesis,8,12 and as such align with pre-existing lit-
erature suggesting that lower frequency encounters
with left-handers/footers could confirm identification
accuracy performance advantages in selective sporting
situations.7 That said, relationships have to be more
carefully considered when reviewing results from
Opponent 2.
For Opponent 2, laterality did not aﬀect accuracy
despite being close to significance. Likewise, laterality
did not aﬀect RTs. However, the RT interaction was
significant with a moderate eﬀect size. When partici-
pants attempted to discern the preferred foot of oppon-
ent left-footers, RTs were actually quicker than when
viewing opposition right-footers; a finding which ini-
tially appears contradictory to our hypotheses and
potentially challenges previous work such as Loﬃng
et al.4 on the advantage of left-sidedness in sport.
Nonetheless, this might be explained by Opposition 2
containing players with a significantly greater number
of AF games played, who were part of a relatively
stable team, and who were comparatively more success-
ful (finishing higher in the AF league) in preceding sea-
sons than Opposition 1 (i.e. reflecting higher
familiarity). Correlations support this notion, as
opponent team member game experience was asso-
ciated with improved recognition accuracy and quicker
identification. This would also concur with Loﬃng
et al.6 observations who showed a skill-based diﬀerence
in the ability to anticipate left-handed attacks in volley-
ball. Also, irrespective of being less common, left-foo-
ters in Opponent 2 were anecdotally more highly
recognised AF players.
With reference to Hypothesis 2, findings across both
upcoming opponents expectedly showed participants
were more accurate and had faster RTs with generally
larger eﬀect sizes for Kicking Foot-ID when viewing
images of teammates (Teammates for Opponent 1: M
accuracy¼ 99.84%, Teammates for Opponent 2: M
accuracy¼ 99.29%; Teammates for Opponent 1:
Mean RT¼ 715.92ms, Teammates for Opponent 2:
M RT¼ 680.27ms) compared to when viewing images
of opposition players (Opponent 1: M accur-
acy¼ 73.30%, Opponent 2: M accuracy¼ 85.07%;
Opponent 1: Mean RT¼ 1002.31ms, Opponent 2:
Mean RT¼ 859.57ms). More accuracy errors and
slower RT responses when identifying the preferred
kicking foot of opponents indicates how perceptual
familiarity and experience relate to identification
capability.5 Signal detection AUC scores also consist-
ently indicated that participants were able to identify
356 International Journal of Sports Science & Coaching 12(3)
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left-footers amongst teammates with more accuracy
and certainty than left-footers for opponent 1 and
opponent 2. It should also be noted that in some par-
ticipants, their misclassification rate was close to chance
and would not be deemed acceptable in other domains
of elite sporting performance.27 So, while findings high-
lighted expected discrepancies in comparing Kicking
Foot-ID capability when viewing own and opposing
team members, it importantly also highlights the poten-
tial benefit that could be achieved by using a similar
protocol to train less experienced players to improve
their perceptual capability (in terms of quickly and
accurately identifying footedness) when competing
against less familiar opponents.
Results also provided partial support for Hypothesis
3. For Opponent 1 (i.e. the team with less-experienced
and less-familiar players), participant game experience
did not mitigate against Kicking Foot-ID error, though
experience was associated with faster RTs. However,
more AF games played by opposing team members
were associated with greater accuracy for identifying
left-footed players and faster RTs in identifying both
left- and right-footers. This is consistent with the view
that accuracy and RT improvement can be accrued
from opponent player familiarity and knowledge.28
Likewise, findings suggest that Kicking Foot-ID cap-
ability could be gained via structured video analysis or
possibly incidental observation29 (e.g. T.V. viewing),
and perhaps is not necessarily dependent on in-game
situational exposure.5,22,30 In the absence of familiarity,
less experienced players appear more likely to be vul-
nerable to a default decision, where laterality frequency
can be influential.11 As emphasised, this can be a costly
default error if the decision is incorrect, leading to
potential performance consequences as shown in
Figure 1.14,24
The main limitation in the present study, and which
is an ongoing challenge for perceptual-cognitive
research generally, relates to the ecological validity of
the Kicking Foot-ID procedure.2,7 It should be
acknowledged that the Kicking Foot-ID task was
developed to establish a standardised procedure that
could feasibly be applied in the professional sport set-
ting as opposed to aiming to simulate the visual and
situational aspects of dynamic game-play.26 As previ-
ously mentioned, visual information for kicking-foot
identification in the AF game is likely to utilise body
kinematics and biological motion31 and the nature of
such information may also change according to game
experience,32 relative field position33 and numerous
other contextual factors.34 Notwithstanding, findings
from the present study add to existing studies that
have incorporated various methodological approaches.
These include game or event statistics in laterality stu-
dies as well as video simulation and occlusion methods
in sport expertise studies. Future investigations could
examine the issue of Kicking Foot-ID using life-size
projections of truncated video footage, and/or an on-
field testing procedure, if ecologically representative-
ness is a concern.
Practical implications
Task procedures and study findings highlight several
potential practical implications. Firstly, the Kicking
Foot-ID task and latency-timing device oﬀers a port-
able, easy to use, short-duration procedure that could
be implemented, adapted, and utilised in the applied
sport context. Secondly, testing and exposure to per-
ceptually relevant player information, such as an
opponent’s preferred kicking foot, may be beneficial
for game preparation in team sport contexts. To sup-
port this assertion, Schorer et al.9 recently demon-
strated that the negative frequency-dependent
(dis)advantage observed when anticipating the outcome
of penalty throws in handball goalkeepers could be
overcome with systematic training. Novices with three
consecutive days of hand-specific (e.g. left-hand
throwers only) video-based perceptual training led to
laterality specific anticipation improvements. Thirdly,
it is suggested that AF players with less experience or
experienced players unfamiliar with particular oppon-
ents may gain most benefit from perceptual training
and testing. This may provide beneficial transfer in
specific performance situations such as Kicking Foot-
ID in AF.
Conclusion
In two samples of professional AF players tasked with
identifying the Kicking Foot of teammates and players
from two opposing teams, findings highlighted that
Kicking Foot Identification was aﬀected by laterality
frequency, team familiarity, and game experience.
Participants made more errors and were slower when
identifying the preferred kicking foot of opposing
players who were (a) left-footed, (b) members of an
opposing team, or (c) less familiar in general. These
tendencies were moderated when opponent players
were more familiar (e.g. Opposition 2) and had
played a greater number of AF professional games.
Findings suggest that perceptual training aimed at
reducing Kicking Foot identification error and RT
may be beneficial in improving the decision-making
capability of AF players.
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ABSTRACT
“Snap-kicks” in Australian Football (AF) occur when players can 
potentially score but are facing away from the goal, necessitating a 
kick across the body or over the opposite shoulder. In games, situations 
arise for both right- and left-foot snaps, but players often strive to use 
their preferred rather than non-preferred foot. We consider whether 
such a strategy is optimal and in this study examine whether foot 
preference and task difficulty affect snap-accuracy. Accordingly, 27 
elite AF players (19 “right-footers”, 8 “left-footers”) were tasked with 
executing snap-kicks at easy and more difficult (acute) angles using 
both feet. As expected, accuracy was greater with the preferred (76%) 
than the non-preferred foot (57%) and greater for easy (78%) than 
difficult kick angles (56%), however there were no accuracy differences 
due to player footedness. Surprisingly, given the relative difficulty, 
snap-kicks from the more difficult angle with the preferred foot could 
be made with a similar level of accuracy (67%) to kicks with the non-
preferred foot from the easier angle (69%). Results suggest that using 
the non-preferred foot for snap-kicks at goal in appropriate situations 
during games could increase scoring affordances, and that training on 
the non-preferred foot may benefit individual and team performance.
1. Introduction
In sport and everyday tasks, the preferential use and superior performance of one dom-
inant side is a well-established phenomenon (Elliott et al., 1999; Goble & Brown, 2008; 
Grouios, 2004; Woodworth, 1899). There appear to be strong reasons for sidedness, both 
biological (Corballis, 2009; Sainburg, 2002) and environmental (Vallortigara & Rogers, 
2005). Approximately 90% of the population demonstrate a preference for their right hand 
in motor tasks (Goble & Brown, 2008). Although appearing later in childhood than hand-
edness (Gentry & Gabbard, 1995), a similar proportion favours the right side for manipu-
lating an object with a lower limb (Peters, 1988). Kicking movements are ideally suited to 
examining questions of cerebral lateralisation, since social pressures promoting dextrality 
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may impact foot preference behaviour less than handedness (Gentry & Gabbard, 1995; 
Grouios, Hatzitaki, Kollias, & Koidou, 2009; Peters, 1988). There is, however, a relative 
lack of research on foot performance and preference in sport (Carey et al., 2009). Further, 
existing research has considered laterality predominantly as a between-groups variable 
(right-handers vs. left-handers) and less often as a within-groups variable (preferred side 
vs. non-preferred side performance).
Motor affordances for left-sided actions will likely be as frequent as those for right-sided 
actions during a team game played on a symmetrical ground or court (Carey et al., 2009). 
Athletes should therefore be able to use both sides of their body equally well in sports such 
as basketball (Stöckel & Weigelt, 2012), rugby (Pavely, Adams, Di Francesco, Larkham, & 
Maher, 2009), soccer (Coren, 1992), futsal (Barbieri, Gobbi, Santiago, & Cunha, 2015) and 
AF (Parrington, Ball, & MacMahon, 2015). Indeed, bilateral ability in soccer has been linked 
to higher player remuneration (Bryson, Frick, & Simmons, 2013) as well as superior playing 
ability (Grouios, Kollias, Koidou, & Poderi, 2002). While interactive sports could confer an 
advantage to players with a left-hand preference because they are encountered less frequently 
by opposing players (Grouios, 2004; Hagemann, 2009; Loffing & Hagemann, 2012), whether 
this left-side advantage extends to team sports involving kicking remains unclear. Based on 
an analysis of nine games from the 1998 World Cup Carey et al. (2001) suggested that the 
proportion of elite soccer players with a left-foot preference is similar to the general popu-
lation. Conversely, Verbeek, Elferink-Gemser, Jonker, Huijgen, and Visscher (2017) recently 
reported that 31% of players selected in Dutch national youth soccer teams over a five-year 
period were left-footed. However, any negative frequency-dependent selection effect may 
vary dependent on the particular football code. Moore, Adams, O’Dwyer, Steel, and Cobley 
(in press) demonstrated that left-footed opponents in Australian football were recognised 
less accurately and with less certainty than right-footers. Although asymmetrical motor 
skill performance is common, long-term practice such as that undertaken by professional 
athletes has the potential to shift an individual’s strongly lateralised preference (Provins, 
1997; Teixeira, de Oliveira, Romano, & Correa, 2011). For example, one study of high-level 
soccer players demonstrated no difference in the accuracy of penalty kicks executed on the 
preferred and non-preferred foot (Nagasawa, Demura, Matsuda, Uchida, & Demura, 2011).
Australian Football (AF) nominally requires bilateral motor skills (Stöckel & Weigelt, 
2012). However, most AF players exhibit a strong kicking foot preference and only 8% of 
kicks during the 2015 season were performed using the non-preferred foot (Champion 
Data, 2015). This reduced frequency of use may demonstrate a lack of trust or relatively 
poorer skill acquisition in the non-preferred foot (Bruce, Farrow, Raynor, & Mann, 2012). 
Biomechanical measures available reflect this difference in motor skill. The preferred foot 
has been found to move faster than the non-preferred foot in the swing phase of AF drop 
punt kicks (Ball, 2011; Falloon, Ball, MacMahon, & Taylor, 2010; Smith, Ball, & MacMahon, 
2009) and to generate greater ball speed (Smith et al., 2009). Ball (2011) observed that 
players made more use of the pelvis, knee and shank on their preferred leg, while the 
non-preferred leg produced more movement at the hip and thigh. These findings suggest 
that for the non-preferred side, players may lock some of the available degrees of freedom 
for movement and use a less efficient kicking pattern (Hodges, Hayes, Horn, & Williams, 
2005; Vereijken, van Emmerik, Whiting, & Newell, 1992).
Both researchers and practitioners have asserted the need for more lateral symmetry 
in skill performance. One AF training manual (McLeod & Jaques, 2005) states that lower 
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limb bilaterality in players allows them to be less predictable and to increase their scoring 
opportunities (Guilherme, Garganta, Graça, & Seabra, 2015). The evolution of a more highly 
pressured game over the last 10 years (Woods, Robertson, & Collier, 2016), leaving players 
with less time for ball disposal before being tackled, makes flexibility and bilaterality val-
uable to the individual and for broader team performance. Nevertheless, professional AF 
players are still instructed to develop greater expertise and practise almost exclusively on 
their preferred foot (Farrow & Ball, 2011). It is suggested anecdotally that there is limited 
attention to laterality within AF at present and this is reflected at annual draft camps where 
agility tests favour individuals with a left-turn (i.e. right-foot) preference (Hart, Spiteri, 
Lockie, Nimphius, & Newton, 2014b).
One method that skilled AF players use for goal-kicking is the “snap-kick”. Snap-kicks are 
executed by holding the ball across the body and kicking the (oval) ball toward one end so 
that it spins in the air (about its axis) towards the intended target (Ball, 2010; Johnson, 2009). 
These kicks are often undertaken in a highly time-constrained environment (Wheadon, 
2008) and may need to be done with the non-preferred foot. Wilson (2011) suggested that 
strongly lateralised players who turn away from goal in this situation resemble a canoe with 
only one paddle, because the use of the non-preferred foot never seems to be an option. 
Figure 1 highlights the occurrence of two opportunities during professional AF games where 
two players, a right-footer and a left-footer, had the opportunity to execute a snap-kick for 
goal with their non-preferred foot. In both cases, they turned away from goal and attempted 
a low-probability kick (i.e. with high risk of failure) from the outside of their preferred foot, 
in each case missing the goal and turning over possession. During the 2015 AF season, 23% 
(2281/9860) of shots for goal were executed using a snap-kick (Champion Data, 2015), and 
the potential benefit for the capability to snap-kick bilaterally in situations where time and 
space are constrained may presently be undertrained and underutilised. Such a proposition 
is supported when considering the cost of missed opportunities in goal-kicking that are 
associated with winning or losing (Robertson, Back, & Bartlett, 2016). During the 2015 AF 
season, games had an average of 21 shots on goal with 45/206 games decided by 2 goals or 
less (Champion Data, 2015). Therefore, being able to perform snap-kicks bilaterally in game 
situations where there are marginal opportunities to kick for goal may provide a valuable 
advantage (Reade, Rodgers, & Spriggs, 2008).
In the present study, the aim was to compare the accuracy of snap-kicks at goal in a sample 
of professional AF players according to two conditions. First, performing snap-kicks with 
both the preferred and non-preferred foot. Second, performing snap-kicks from a relatively 
“easy” (less-acute angle; “snap-kick across the body”) and “hard” (more-acute angle; “snap-
kick over the shoulder”) angle. It was hypothesised that both the use of the non-preferred 
foot and kicking over the shoulder from the more acute angle would be most detrimental 
to performance accuracy. Such findings would potentially highlight deficiencies and asym-
metries in skill within a professional sample, providing evidence to justify bilateral training 
to optimise performance (Reade et al., 2008).
2. Method
2.1. Participants
Following university ethics committee approval, 27 male AF players (age: 23.5 ± 3.47 years; 
height: 184.6 ± 6.95 cm; mass: 84.8 ± 7.99 kg) from a single professional football club 
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volunteered to participate. Players reported varying levels of first-grade national AF com-
petition experience (M time on a senior AF playing list = 5.3 years, SD ± 3.5; Games played: 
range = 0 to 284, Mdn = 45.0). At the time of data collection, all players were competing 
in a regular season, were healthy and free from injury, and were participating in all forms 
of club training.
Initially, players were asked the question: “Which foot would you prefer to kick with 
if you were about to kick the winning goal from 30 metres out straight in front of goals?” 
(Cameron & Adams, 2003). Based on their response, 19 and 8 participants were classified 
as having a right and left kicking foot preference, respectively.
2.2. Procedure
Data collection for each participant occurred in one testing session on a single day. 
Procedures commenced with players completing a standardised dynamic warm-up for 
10 min, followed by a task-specific warm-up of kicking over variable distances. The kick-
ing protocol (“snap-kicks” for goal) was completed on the participants’ home club ground. 
Figure 1. Two freeze-frame views from first-grade AF games where players ineﬀectively execute a kick 
for goal using the outside of their preferred foot from angles which, due to the spin of the ball, would 
instead favour the use of their non-preferred foot: a left-footer shooting from the right-hand side of goal 
not choosing a right-foot snap as seen close up (a) and from distance (b); a right-footer shooting from the 
left-hand side of goal not choosing a left-foot snap as seen close up (c) and from distance (d).
Note: The AF ball in both views is yellow.
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Players were required to wear their standard club-issued training attire and boots and were 
familiarised with all procedures prior to data collection. All participants reported being 
comfortable with kicking for goal in the test set-up.
To generate the combinations of difficulty and foot preference determined by the factorial 
design, four kick positions were set-up, all at a distance of 21 metres from the centre of the 
goal line, with a kicking angle of 38° (“Easy”) or 53° (“Hard”), from either side of the goal 
posts, as illustrated in Figure 2. For all participants, whether left- or right-footed, the left leg 
was used at position 1, the right at position 2, the left at position 3 and the right at position 
4. For right-footed players, this produced the following four kicking conditions: position 
1) = hard, non-preferred; position 2) = easy, preferred; position 3) = easy, non-preferred; 
position 4) = hard, preferred. For left-footed players, this produced the following four kick-
ing conditions: position 1) = hard, preferred; position 2) = easy, non-preferred; position 3) 
= easy, preferred; position 4) = hard, non-preferred.
Players performed a total of 20 snap-kicks for goal, 5 from each of the four positions, using 
Sherrin AF footballs inflated within the specified pressure range of 62–76 kPa (Australian 
Football League, 2014). For each condition, players held the ball in both hands and were 
instructed to snap-kick for goal. To ensure that kicks were executed at game-like intensity, 
a member of the club coaching staff watched the procedure and participants were made 
Figure 2. A right-footed player snap-kicking from the four positions: (1) non-preferred-foot, hard angle; 
(2) preferred-foot, easy angle; (3) non-preferred-foot, easy angle; (4) preferred-foot, hard angle.
Note: The goal posts are the taller white posts, and the point posts are the smaller white posts.
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aware that they would be asked to re-perform a trial if the coach judged that the intensity 
was insufficient. The order of kick conditions was randomised, with players having to walk 
between kick positions as trials were completed. All kicks were video-recorded for obser-
vational analysis.
2.2.1. Kick accuracy determination
Each kick was graded as “Goal” (Score = 1) or “Miss” (Score = 0). A Goal was given to kicks 
that travelled through the goal posts and crossed the goal line in the air or after bouncing. If 
the ball travelled wide of the goal posts, the kick was graded as a Miss. A separate analysis 
was carried out on kicks that were accurate in direction but where the ball did not travel 
the full distance and bounced before reaching the goal line. In a game, such shots normally 
would likely not result in a goal because opposition players would be standing between the 
kicking position and the goal line and would intercept the ball.
2.3. Data analysis
The number of accurate kicks that went through the goal either directly or after bouncing 
(total score out of 5) and the kicks that bounced through only (total out of 5) were analysed 
separately using a three-factor Groups × Repeated Measures (RM) analysis of variance 
(ANOVA), with the factors of Foot (Preferred or Non-Preferred) and Angle (Easy or Hard) 
entered as repeated measures variables. The levels of the group factor, Footedness, were 
“Right-footers” and “Left-footers”.
Post-hoc paired-sample t-tests were used to compare results in each of the four kicking 
conditions. Data analysis was undertaken within SPSS (Version 22.0 SPSS, Inc., Chicago, IL).
3. Results
3.1. Kick accuracy
With the between-groups factor, Footedness, there was no significant difference between 
right-footed (M accuracy = 68%) and left-footed (M accuracy = 66%) players in the num-
ber of accurate kicks, F(1, 25) = .19, p = .66, 휂
2
p = .01. Neither was Footedness involved in any 
significant two-way or three-way interaction (all p > .19). Therefore, the repeated measures 
results are presented for left- and right-footed participants combined.
The group mean accuracy of snap-kicks for goal from the preferred and non-preferred 
foot and from the easy and hard angle is shown in Table 1. Players kicked more accurately 
with their preferred (M = 76%) than non-preferred foot (M = 57%), as reflected by a sig-
nificant main effect for Foot, F(1, 25) = 22.51, p < .001, 휂
2
p = .47. The difference in conversion 
percentage between the preferred and non-preferred foot was 19%. Players also kicked more 
accurately from the easy (M = 78%) than the hard angle (M = 56%; M difference = 22%), as 
Table 1. Mean (± standard deviation) accuracy across kicking conditions.
Foot
Preferred Non-preferred Total
Angle Easy 4.28 ± .67 3.47 ± .97 3.88 ± .63
Hard 3.34 ± 1.01 2.23 ± 1.22 2.79 ± .77
Total 3.81 ± .68 2.85 ± .76 3.33 ± .53
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reflected by a significant main effect for Angle, F(1, 25) = 32.05, p < .001, 휂
2
p = .56. There was 
no significant interaction between Foot and Angle, F(1, 25) = .51, p = .48, 휂
2
p = .02.
The kicking accuracy was significantly different between all pairs of conditions shown 
in Table 1 (p < .005), except for the hard 53° angle on the preferred foot (M = 67%) and the 
easy 38° angle on the non-preferred foot (mean = 69%).
3.2. Kicks that bounced before the goal line
There was no significant difference between right-footers (M = 8%) and left-footers (M = 4%) 
in the number of kicks that bounced before the goal line, F(1, 25) = 2.95, p < .098, 휂
2
p = .11. 
More kicks bounced before the goal line when executed with the non-preferred (M = 10%) 
than the preferred leg (M = 2%), reflected in a main effect for Foot, F(1, 25) = 5.85, p < .05, 
휂
2
p = .19, and consistent with less power being applied in non-preferred leg kicks.
4. Discussion
The current study investigated performance differences between the preferred and non-pre-
ferred leg in a kicking task. The study sought to determine how accurately professional AF 
players could kick snap-shots at goal with the preferred and non-preferred foot according 
to task difficulty. Findings confirmed our hypothesis that professional AF participants were 
significantly less accurate when kicking with their non-preferred foot and from a more 
difficult angle.
Given results in a prior series of experimental tasks (Annett, Annett, Hudson, & Turner, 
1979; Elliott et al., 1999; Woodworth, 1899) and sporting skills (Pavely et al., 2009; Teixeira, 
Silva, & Carvalho, 2003), the reduced level of snap-kick accuracy on the non-preferred 
side was expected. Kinematic differences previously identified between the preferred and 
non-preferred side for AF handballs would predict lower non-preferred side accuracy 
(Parrington et al., 2015). Findings indicated that professional AF players were significantly 
more accurate (19%) with their preferred compared to their non-preferred leg. This result 
is consistent with studies demonstrating biomechanical differences between the legs in 
kicking within various football codes (Ball, 2011; Dörge, Andersen, SØrensen, & Simonsen, 
2002; Falloon et al., 2010), as well as with performance differences noted in soccer kicking 
(Nagasawa et al., 2011). However, Carey et al. (2009) noted that although they favoured 
their preferred leg in critical situations, 1998 World Cup soccer players nevertheless were 
equally skilled with their non-preferred foot when they used it.
Professional players were also significantly more accurate when kicking from a less acute 
angle. The more acute angle (i.e. positions 1 and 4) imposed a greater accuracy demand 
on each kick, increasing task difficulty and likely contributed to accuracy score differences 
at these positions (Andersen & Dörge, 2011; Teixeira, 1999). Greater task difficulty may 
have resulted in participants being unable to achieve the functional movement variability 
necessary for consistent performance outcomes (Schorer, Baker, Fath, & Jaitner, 2007). In 
contrast, dysfunctional variability in elements of the kicking sequence, such as placement of 
the support foot or direction of ball release from the hand, may have affected biomechanics 
of the movement sequence or led to inconsistent impact with the kicking foot.
A somewhat surprising result was that players kicked with the same level of accuracy on 
their preferred foot from a difficult angle as they did on their non-preferred foot from an 
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easy angle. In training terms, such poor skill performance on the non-preferred side may 
constitute an opportunity for skill development that could confer consequent team benefit 
(Bishop, Burnett, Farrow, Gabbett, & Newton, 2006).
The difference between preferred and non-preferred foot for kicks that were accurate, 
but did not travel the full distance to goal, suggests that players potentially deployed a 
speed-accuracy trade-off strategy on the non-preferred side (Elliott, Hansen, Mendoza, 
& Tremblay, 2004; Fitts, 1954) and the likelihood of less developed coordinative skill on 
that side (Yarrow, Brown, & Krakauer, 2009). It is feasible that players reduced muscular 
force in their non-preferred leg in order to achieve greater accuracy; thus accepting the 
possibility of the ball bouncing before the target. In related studies, the imposition of an 
accuracy constraint in soccer kicking lead to a decline in ball speed to 85% of the maximum 
achieved in the absence of the accuracy demand (Andersen & Dörge, 2011). Rather than an 
intentional speed-accuracy trade-off per se, however, Hart, Nimphius, Spiteri, and Newton 
(2014a) also noted significant strength deficits in the support leg in sub-elite AF players. 
Therefore, it is possible that such a strength asymmetry could lead to reduced kicking 
forces on the non-preferred side. Coupled with less developed coordinative patterns in 
the non-preferred foot (Ball, 2011), this could potentially account for accuracy and force 
discrepancies between kicking feet.
Qualitative examination of the video recording of the kicks indicated that these pro-
fessional players demonstrated technical differences in movement patterns between the 
preferred and non-preferred side, suggestive of an earlier phase of skill acquisition in the 
non-preferred leg (Newell & van Emmerik, 1989). Evidence of a trade-off or “safe” approach 
was observed, by constraining degrees of freedom in the contralateral arm (Hodges et 
al., 2005) when executing non-preferred kicks. Players moved their contralateral hand up 
and over shoulder height when executing preferred-foot snap-kicks (see Figure 3). On the 
non-preferred side however, the contralateral hand did not move above shoulder height at 
any stage during the kick. A similar restriction of movement in the non-kicking-side arm 
has been linked to reduced accuracy in rugby place-kicking (Bezodis, Trewartha, Wilson, 
& Irwin, 2007) and lower force generation in soccer kicking (Shan & Westerhoff, 2005).
4.1. Limitations
A limitation of the current study was the number of trials per participant (five from each 
of four positions). As participants completed the study during the season, the club’s med-
ical staff imposed restrictions on the volume of kicking permissible in a single session. 
Participants were also instructed which leg to kick with prior to each trial, so that no 
time-constrained decision or choice was required, thereby not reflecting the likely com-
plexity of a game scenario. Future studies could employ a variety of angles and distances to 
further understand snap-kicking capability in AF.
4.2. Implications
If players are generally encouraged to practise and perform only with their preferred kicking 
foot (Farrow & Ball, 2011), then present findings suggest that such a policy may be costly 
from a performance perspective. Instead, the capability to perform the snap-kick with the 
non-preferred foot during games, even with a scoring accuracy of 57%, may be advantageous 
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in marginal and brief scoring opportunity moments (Barbieri et al., 2015). Evidence also 
supports the proposition that focused skill-acquisition training on the non-preferred-foot 
may be beneficial, with the efficacy of non-preferred side training demonstrated in soccer 
motor performance (Haaland & Hoff, 2003), including reductions in functional asymmetry 
during soccer match-play (Guilherme et al., 2015) and decreased asymmetry in dribbling 
skill (Teixeira et al., 2003). When structuring practice, instructing players to kick with 
greater speed and power on the non-preferred leg, rather than optimising each kick for 
accuracy, may reduce the number of kicks that bounce before the goal line (Engelhorn, 
1997). Video self-modelling could also be employed as an off-field training tool, with video 
sequences of mirror-reversed preferred-foot kicks used to allow observation of an apparently 
well-developed non-preferred side kick (Steel, Adams, Coulson, Clothier, & Walker, 2011).
5. Conclusion
In a sample of professional AF players executing snap-kicks for goal, findings highlighted that 
kicking accuracy was affected by laterality and task difficulty in a standard task. Participants 
were less accurate when using their non-preferred leg and kicking from a more difficult 
Figure 3. Two right-footed participants at the point prior to ball release from the ipsilateral hand. Player 1: 
(a) non-preferred-foot, easy angle, (b) preferred-foot, hard angle; Player 2: (c) preferred-foot, easy angle, 
(d) non-preferred-foot, easy angle.
Note: Participants demonstrated diﬀerent (less biomechanically sophisticated) patterns in the contralateral arm when kicking 
on the non-preferred foot (a and d) compared to the preferred foot (b and c).
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angle exacerbated this inaccuracy. Surprisingly, participants kicked with the same level of 
accuracy from a difficult angle with their preferred leg as they did with their non-preferred 
leg from an easy angle. International level soccer players seem to have bilateral foot skills, 
so the findings here point to the need for specific bilateral skill acquisition in professional 
AF player “snap-kicks”.
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Abstract
Although only 18% of Australian Football players are left-footed, defending against them
requires diﬀerent strategies to defending against right-footers. This research collected both
discrimination and response latency data to examine the ability of football players to iden-
tify left- versus right-footed kickers. Players identified the kicking foot of teammates and
opponents from static facial images presented in a randomised sequence. Accuracy, reac-
tion time (RT), and discrimination capability (AUC) were examined. Participants were
less accurate and had slower RTs when identifying the kicking foot of opposing team play-
ers compared to that of their teammates. Left-footed opponents who had played for longer
were identified with greater accuracy and reduced RT, and participant game experience cor-
related with faster RT. Opposing team familiarity and game experience were both found to
aﬀect kicking foot identification in Australian Football and this finding has potential for
training and performance benefits.
Research in perceptual-cognitive sport expertise has consistently demonstrated superior
acquired characteristics in highly experienced or expert performers relative to interme-
diates or novices (Abernethy et al., 2012). In both team and individual sport contexts,
it is visual and perceptual domain exposure along with the development of sport-specific
knowledge and memory (Roca et al., 2013) accumulated via extensive training and com-
petition that appear critical to perceptual-cognitive skill.
The ability to identify and respond to laterally associated movement is evident
in many sporting contexts (Raymond et al., 1996). In AF, perceptual-cognitive skills
are particularly important (Farrow et al., 2008) as players continuously interact with
opponents and teammates at diﬀerent distances when executing a kick, evading a tackle
(Bradshaw et al., 2011) or when receiving or defending a pass (Steel et al., 2011). Although
both sides can be used for kicking and handballing in AF (Parrington et al., 2015), most
elite players exhibit a strong ‘footedness’ preference (Ball, 2011) and coaches expect the
dominant foot to be used in most instances (Farrow & Ball, 2011). The frequency of
left-footed players in AF is estimated to be approximately 20% (Champion Data, 2015).
In the absence of knowledge regarding kicking-foot preference, the reliance on using
‘present time’ player biological motion to make decisions may lead to missed opportunities
(Ward & Williams, 2003). These concerns are likely more pertinent in less experienced
players, who are less able to extract meaning from kinematics for forthcoming movements
(Steel et al., 2006). Therefore, a player’s default option—based on lower frequencies and
experience—may be to assume that an opposing player has a right-foot kicking preference;
even though this may be costly (Loﬃng et al., 2015). To illustrate, Figure 1 highlights
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 Fig. 1. Illustration of Kicking-Foot identification error in professional AF (a) The defender
preparing to ‘man-the-mark’ goes towards the right shoulder of the opposing player. He is
expecting the opponent to swivel right and use his right foot for kicking (b) The attacking
player receives the ball and steps to his left. The defender is still moving towards the right
shoulder of the attacker (c) The attacking player now prepares to kick using his left foot.
The defender is out of position and cannot react quickly enough to tackle and prevent
a ‘left-foot’ kick (d) The attacking player makes a successful forward kick using his left
foot.
the occurrence and consequence of such an error in a professional AF game. The oﬀensive
player has time and space to kick with the preferred left-foot after the defender incorrectly
assumes or inaccurately identifies a right-footed kick. Such perceptual-cognitive error can
lead to points conceded, hence determining whether players are less accurate or slower in
recognising the less frequent left-footed players is significant (Abernethy et al., 2001).
The aim of this study was to determine whether professional AF players’ accuracy,
reaction time, and discrimination of ‘Kicking Foot’ identification (Kicking Foot-ID) were
aﬀected by left- v right-footer frequencies, team-mates v opposing team members, and
game experience. Hypothesis 1 stated participants would be less accurate, and slower
in identifying left-footers. Hypothesis 2 predicted participants would be more accurate,
faster, and more capable in identifying the preferred kicking-foot of teammates than
opposing players. Hypothesis 3 predicted that game experience would moderate these
capabilities, leading to better accuracy, lower RT’s, and an enhanced capability to dis-
criminate the preferred kicking foot used by opposing players. Likewise, opposing players
with more game experience would be more accurately and quickly identified.
Method
The study was undertaken on two separate occasions during the final third of an AFL
season. Diﬀerent participant groups were used on each occasion, and participation in
either Part 1 or 2 of the study was aligned to those players selected to play against the
upcoming opposing team in that week of the season (i.e. Opponent 1 or Opponent 2)
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! ! ! ! ! ! !Player!1! Player!2! Player!3! Player!4! Player!5! Player!6! Player!7!OwnT3RF! OppT3RF! OwnT3RF! OwnT3RF! OppT3RF! OppT3LF! OwnT3RF!!
Fig. 2. Diagrammatic illustration of randomised sequence presentation for the first 7
photographs for Opponent 1 test with Own Team players inter-dispersed (note: each
player’s head and shoulders were included in the actual presentation).
Participants
13 and 10 male AF players respectively, from a professional football club, participated in
parts 1 and/or 2 of the study (3 participated in both parts). Participants had varying
levels of ‘first-grade’ AF competition experience (Opponent 1 participant group—M games
played = 122.6, SD ± 80.4; Opponent 2 participant group—M = 117.4, SD ± 82.6).
Procedure
Participants completed a standardised 15-minute Kicking Foot-ID video task using a 38cm
notebook monitor (ACER Aspire 9420). Participants were shown a randomised sequence
of 60 player photos that included 30 teammates and 30 upcoming opposing team players.
Opponent players were chosen for the sequence based on those players most frequently
selected in the team’s playing squad up to that point in the season. Figure 2 provides an
illustration of the player video presentation. Participants had to identify as accurately and
quickly as possible, the kicking-foot preference (i.e. left or right-footed) of each player.
Kicking-foot preference was determined using the player profiles held by Champion Data
Statistics (Champion Data, 2015). Seven of thirty “Own Team” players (i.e. 23%), nine
of thirty in Opposition Team 1 (30%) and six of thirty in Opposition Team 2 (20%) were
left-footed.
A latency-timing box (Steel et al., 2006) captured participant responses. The box
panel consisted of a central home key (starting position) and six equidistant (i.e. 5.18 cm)
response certainty keys, arranged adjacent and in a semi-circular pattern. Participants
applied dominant hand index finger pressure on the home key and responded by moving to
a choice key as quickly as possible. The three key choices to the right represented levels of
certainty for a right-foot identification decision (i.e., RF-LC = Right Foot–Low Certainty;
RF-MC = Right Foot–Medium Certainty; RF-HC = Right Foot–High Certainty), while
the three keys to the left represented certainty levels for a left-foot decision (LF-LC = Left
Foot–Low Certainty; LF-MC = Left Foot–Medium Certainty; LF-HC—Left Hoot–High
Certainty). The latency-timing device enabled valid measurement of Response Accuracy,
Reaction Time (i.e., initial release of pressure from home key), and Response Certainty.
Participants completed the Kicking Foot-ID task in an afternoon two days prior to an
upcoming game.
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Data Analysis
Accuracy & Latency (Reaction Time). Kicking Foot-ID accuracy (% correct) and
latency (RT ms) were analysed separately using a two-factor Repeated Measures (RM)
ANOVA, with the factors of Foot (Left-Right) and Team (Own-Opposition) entered as
independent variables.
Foot Preference Discrimination: Receiver Operating Curve (ROC) analysis. To as-
sess participant capability in Kicking Foot-ID, a non-parametric signal detection Receiver
Operating Curve (ROC) analysis was used (Swets et al., 2000). Left-footers were con-
sidered as signals and right-footers as noise, and decision certainty levels represented
diﬀerent response cut-oﬀs. Data were entered into the ROC sub-routine within SPSS
(Version 22.0 SPSS, Inc., Chicago, IL). Preferred foot (i.e., ‘left or right-footer’) was en-
tered as a state variable and certainty rating entered as the continuous variable. The ROC
routine generated an area under the curve (AUC) value for each participant reflecting ac-
curacy and certainty, with 0.5 representing chance and 1.0 representing perfect Kicking
Foot-ID discrimination. A paired t-test examined the diﬀerence between Own-Team and
Opposition-Team members.
Game Experience. To determine whether player game experiences aﬀected preferred
Kicking Foot-ID, Pearson’s correlations examined whether participants’ own professional
game experience (i.e., AF games played), and the number of games played by an opponent
were correlated with Kicking Foot-ID accuracy, RT, and discrimination capability.
Results
Accuracy of Kicking Foot Identification (KF-ID)
Opponent 1. RM-ANOVA revealed significant main eﬀects for Foot, F(1,12) = 101.53,
p < 0.001, η2p = 0.89 and Team, F(1,12) = 115.48, p < 0.001, η
2
p = 0.91. Identification accu-
racy was lower when participants attempted to identify left-footed players, and when they
attempted to identify the kicking foot of opposition players. Likewise, there was a Foot
x Team interaction, F(1,12) = 103.33, p < 0.001, η2p = 0.90. The reduction in identification
accuracy when viewing left-footers relative to right-footers was greater for participants
when they viewed opposing team members compared to when viewing teammates.
Opponent 2. RM-ANOVA revealed that while mean patterns were close to signif-
icance, no main eﬀect for Foot was evident, F(1,9) = 3.94, p = 0.08, η2p = 0.30, or the
interaction, F(1,9) = 4.432, p = 0.07, η2p = 0.33. However, a main eﬀect for Team was
evident, F(1,9) = 7.97, p < 0.05, η2p = 0.47. Identification accuracy was lower when partic-
ipants attempted to identify the kicking foot of opposition players.
Latency of KF-ID (Reaction Time)
Opponent 1. RM-ANOVA identified no main eﬀect for Foot, F(1,12) = 1.56, p =
0.24, η2p = 0.12, though a significant main eﬀect for Team was apparent, F(1,12) = 25.51, p <
0.001, η2p = 0.68, with slower reaction times occurring when participants were responding
to images of opposing players. There was no interaction, F(1,12) = 0.01, p = 0.91, η2p =
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0.001.
Opponent 2. There was again no main eﬀect for Foot, F(1,9) = 0.09, p = 0.77, η2p =
0.01, though there was a main eﬀect for Team, F(1,9) = 65.39, p < 0.001, η2p = 0.88, with
slower reaction times when recognising opposing players. The interaction was significant,
F(1,9) = 5.62, p < 0.05, η2p = 0.39, as participants were faster in reacting to left-footers
in Opposition 2 team members. This suggested something unique about Opposition
2, and a follow-up t-test revealed that career games played by Opposition 2 members
(M = 116.55, SD = 83.15) was significantly greater than Opposition 1 (M = 75.07, SD =
66.35; t(60) = −1.98, p < 0.05). The game diﬀerences specifically in left-footers was
not significant, though the small sample size and descriptive statistics should be noted
(i.e., Opponent 2—M = 135.5 games; SD = 63.49; Opponent 1—M = 77.44 games;
SD = 78.52).
Foot Preference Discrimination: ROC Analysis
Opponent 1. ROC analysis produced AUC scores indicating the capability to iden-
tify left-footers from right-footers in the sample of players. A paired t-test between Own-
Team (AUC M = 1.0) and Opponent 1 (AUC M = 0.81) showed a significant superiority
in the capability to identify left-footers amongst teammates relative to opposing team
members (p < 0.001, M diﬀerence in AUC = 0.19, 95% CI = 0.12–0.25).
Opponent 2. Similarly, the t-test for Own-Team (AUC M = 0.99) and Opponent
2 (AUC M = 0.88) also showed a superior capability in identifying left-footers amongst
teammates relative to Opposing team members (p < 0.05, M diﬀerence in AUC = 0.11,
95% CI = 0.03–0.19).
Game Experience
Opponent 1 The number of games played by participants was not correlated with
Kicking Foot-ID accuracy or associated with discrimination capability (i.e., AUC scores,
r = 0.29, p = 0.33). However, games played was correlated with the average RT (i.e.,
left footers r = −0.59, p < 0.05; right-footers, r = −0.62, p < 0.05); that is, participant
game experience was associated with faster RT’s. When opposition members had more
game experience, accuracy increased when participants attempted to identify left-footers
(r = 0.71, p < 0.05) but not right-footers (r = 0.27, p = 0.12), and average RT’s reduced
(i.e., left-footers, r = −0.72, p < 0.05; right-footers, r = −0.63, p < 0.005).
Opponent 2. The number of career games played by participants was not correlated
with Kicking Foot-ID accuracy, average RT or discrimination capability. Professional
game experience in Opponent 2 members was not correlated with Kicking-Foot ID accu-
racy. However, it was associated with reductions in average RT for Kicking Foot-ID for
right-footers (r = −0.84, p < 0.005), but not left-footers.
Discussion
For Opponent 1, professional AF participants were significantly less accurate in identifying
left-footed than right-footed players, and the accuracy of identifying the preferred foot was
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greater when viewing team-mates compared to when viewing opposing team members.
By contrast, laterality did not aﬀect RT’s. These findings provide partial support for
Hypothesis 1, the frequency-dependent hypothesis (Raymond et al., 1996), suggesting
that lower frequency encounters with left-handers/footers could confirm identification
accuracy performance advantages in selective sporting situations (Hagemann, 2009).
For Opponent 2, laterality did not aﬀect accuracy and did not aﬀect RT’s. How-
ever, the RT interaction was significant. When participants attempted to discern the
preferred foot of opponent left-footers, RT’s were quicker than when viewing opposition
right-footers; a finding which might be explained by Opposition 2 containing players with
a significantly greater number of AF games played (i.e., reflecting higher familiarity). Cor-
relations support this notion, as opponent team member game experience was associated
with improved recognition accuracy and quicker identification.
With reference to Hypothesis 2, findings across both upcoming opponents showed
participants were more accurate and had faster RT’s when viewing teammates. Par-
ticipants were able to identify left-footers amongst teammates with more accuracy and
certainty than left-footers for Opponent 1 and Opponent 2. So, whilst findings highlighted
expected discrepancies in comparing Kicking Foot-ID capability when viewing own and
opposing team members, they also highlight the potential benefit that could be achieved
by using a similar protocol to train less experienced players to improve their perceptual
capability (in terms of quickly and accurately identifying footedness) when competing
against less familiar opponents (Schorer et al., 2012).
Results also provided partial support for Hypothesis 3. For Opponent 1 (i.e., the
team with less-experienced and less-familiar players), participant game experience did
not influence Kicking Foot-ID error, though experience was associated with faster RT’s.
However, more AF games played by opposing team members was associated with greater
accuracy for identifying left-footed players and faster RT’s in identifying both left- and
right-footers. This is consistent with the view that accuracy and RT improvement can be
accrued from opponent player familiarity and knowledge (Loﬃng et al., 2012a).
Conclusion
In two samples of professional AF players tasked with identifying the Kicking Foot of
teammates and players from two opposing teams, participants made more errors and
were slower when identifying the preferred kicking foot of opposing players who were
(a) left-footed, (b) members of an opposing team, or (c) less familiar in general. These
tendencies were moderated when opponent players were more familiar (e.g., Opposition
2) and had played a greater number of AF professional games. Perceptual training aimed
at reducing Kicking Foot identification error and RT may be beneficial in improving the
decision-making capability of AF players.
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Foot and Hand Preferences in Australian footballers 
 
PARTICIPANT INFORMATION STATEMENT 
 
(1) What is this study about? 
 
You are invited to take part in a research study that aims to examine the distributions of handedness 
and footedness amongst a group of junior and professional AFL players, and to collect observations 
on the perceived importance as well as the perceived trainability of performance on the non-
preferred side in AFL kicking and handballing, 
 
You have been invited to participate in this study because you are a professional footballer.  This 
Participant Information Statement tells you about the research study. Knowing what is involved will 
help you decide if you want to take part in the research. Please read this sheet carefully and ask 
questions about anything that you don’t understand or want to know more about.  
 
Participation in this research study is voluntary.  
 
By giving your consent to take part in this study you are telling us that you: 
✓ Understand what you have read. 
✓ Agree to take part in the research study as outlined below. 
✓ Agree to the use of your personal information as described. 
 
You will be given a copy of this Participant Information Statement to keep. 
 
(2) Who is running the study? 
 
The study is being conducted by Ben Moore (PhD Student) and is part of his research degree for his 
Doctorate of Philosophy at The University of Sydney, under the supervision of Dr Nicholas O’Dwyer, 
Dr Stephen Cobley and Dr Roger Adams. 
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(3) What will the study involve for me? 
 
You will be provided with a copy of the questionnaire at an agreed time during the normal training 
week at the football club. A verbal explanation of the questionnaire will be provided at that point, 
and any questions you have will be answered. 
 
The first part of the questionnaire will ask you for your foot preference in kicking-related behaviours. 
The second part of the questionnaire will include a 13-item, forced-choice hand preference 
questionnaire as well as a 7-item hand preference questionnaire related to handball-related 
behaviours. The third and final part of the questionnaire will contain 8 questions asking for your 
subjective attitudes towards injury and rehabilitation in various parts of your body. A Visual Analogue 
Scale will be used for these 8 questions – you will be asked to mark a point along a line indicating 
where you fall between two points on a continuum. 
 
You should complete the questionnaire in your own time, and return it to the mailbox at the offices 
of the football club within 7 days please. You will not be required to provide your name when 
returning the questionnaire. You will be asked to provide your date of birth for use in statistical 
analyses. 
 
(4) How much of my time will the study take? 
 
The questionnaire will take around 20 minutes to complete. 
 
(5) Who can take part in the study? 
 
Any member of the senior squad of the Sydney Swans Football Club or the Sydney Swans Academy 
can participate in the study. 
 
(6) Do I have to be in the study? Can I withdraw from the study once I've started? 
 
Being in this study is completely voluntary and you do not have to take part. Your decision whether 
to participate will not affect your current or future relationship with the researchers or anyone else 
at the University of Sydney. 
 
Submitting your completed questionnaire is an indication of your consent to participate in the study. 
You can withdraw your responses any time before you have submitted the questionnaire. Once you 
have submitted it, your responses cannot be withdrawn because they are anonymous and therefore 
we will not be able to tell which one is yours.  
 
(7) Are there any risks or costs associated with being in the study? 
 
Aside from giving up your time, we do not expect that there will be any risks or costs associated with 
taking part in this study. 
 
(8) Are there any benefits associated with being in the study? 
 
We cannot guarantee that you will receive any direct benefits from being in the study. 
 
(9) What will happen to information about me that is collected during the study? 
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By providing your consent, you are agreeing to us collecting your date of birth for the purposes of this 
research study. Your information will only be used for the purposes outlined in this Participant 
Information Statement, unless you consent otherwise. 
 
Your information will be stored securely and your information will be kept strictly confidential, except 
as required by law. Study findings may be published, but you will not be individually identifiable in 
these publications. 
 
(10) Can I tell other people about the study? 
 
 Yes, you are welcome to tell other people about the study. 
 
(11) What if I would like further information about the study? 
 
When you have read this information, Ben Moore will be available to discuss it with you further and 
answer any questions you may have. If you would like to know more at any stage during the study, 
please feel free to contact Ben on 0450 146 003. 
 
(12) Will I be told the results of the study? 
 
You will be provided with a one-page lay summary of the research after the study is completed. 
 
(13) What if I have a complaint or any concerns about the study? 
 
Research involving humans in Australia is reviewed by an independent group of people called a 
Human Research Ethics Committee (HREC). The ethical aspects of this study have been approved by 
the HREC of the University of Sydney [INSERT protocol number once approval is obtained]. As part of 
this process, we have agreed to carry out the study according to the National Statement on Ethical 
Conduct in Human Research (2007). This statement has been developed to protect people who agree 
to take part in research studies. 
 
If you are concerned about the way this study is being conducted or you wish to make a complaint to 
someone independent from the study, please contact the university using the details outlined below. 
Please quote the study title and protocol number.  
 
The Manager, Ethics Administration, University of Sydney: 
• Telephone: +61 2 8627 8176 
• Email: ro.humanethics@sydney.edu.au 
• Fax: +61 2 8627 8177 (Facsimile) 
 
 
This information sheet is for you to keep 
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Foot and Hand Preferences in Australian footballers 
 
PARENTAL INFORMATION STATEMENT 
 
(1) What is this study about? 
 
Your child is invited to take part in a research study that aims to examine the distributions of 
handedness and footedness amongst a group of junior and professional AFL players, and to collect 
observations on the perceived importance as well as the perceived trainability of performance on the 
non-preferred side in AFL kicking and handballing, 
 
Your child has been invited to participate in this study because he is a member of the Sydney Swans 
Academy. This Participant Information Statement tells you about the research study. Knowing what is 
involved will help you decide if you want to let your child take part in the research. Please read this 
sheet carefully and ask questions about anything that you don’t understand or want to know more 
about.  
 
 Participation in this research study is voluntary.  
 
 By giving your consent you are telling us that you: 
✓ Understand what you have read. 
✓ Agree for your child to take part in the research study as outlined below. 
✓ Agree to the use of your child’s personal information as described. 
 
You will be given a copy of this Parental Information Statement to keep. 
 
(2) Who is running the study? 
 
The study is being conducted by Ben Moore (PhD Student) and is part of his research degree for his 
Doctorate of Philosophy at The University of Sydney, under the supervision of Dr Nicholas O’Dwyer, 
Dr Stephen Cobley and Dr Roger Adams. 
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(3) What will the study involve? 
 
Your son will be provided with a copy of the questionnaire before one of the Academy training 
sessions at the football club. A verbal explanation of the questionnaire will be provided at that point, 
and any questions your son has will be answered. 
 
The first part of the questionnaire will ask for your son’s foot preference in kicking-related 
behaviours. The second part of the questionnaire will include a 13-item, forced-choice hand 
preference questionnaire as well as a 7-item hand preference questionnaire related to handball-
related behaviours. The third and final part of the questionnaire will contain 8 questions asking for 
your son’s subjective attitudes towards injury and rehabilitation in various parts of his body. A Visual 
Analogue Scale will be used for these 8 questions – your son will be asked to mark a point along a line 
indicating where he falls between two points on a continuum. 
 
The questionnaires should be completed and returned prior to the next Academy training session 
please. Your son will not be required to provide his name when returning the questionnaires, 
however he will be asked to provide his date of birth for use in statistical analyses. 
 
(4) How much time will the study take? 
 
The questionnaire will take around 20 minutes to complete. 
 
(5) Who can take part in the study? 
 
Any member of the senior squad of the Sydney Swans Football Club or the Sydney Swans Academy 
can participate in the study. 
 
(6) Does my child have to be in the study? Can they withdraw from the study once they’ve started? 
 
Being in this study is completely voluntary and your child does not have to take part. Your decision 
whether to let them participate will not affect your/their relationship with the researchers or anyone 
else at the University of Sydney, now or in the future.  
 
Submitting the completed questionnaire is an indication of your consent for your son to participate in 
the study. If you decide to let your child take part in the study and then change your mind later (or 
they no longer wish to take part), they are free to withdraw. Your child’s questionnaire responses can 
be withdrawn any time before they have submitted the questionnaire. Once they have submitted it, 
their responses cannot be withdrawn because they are anonymous and therefore we will not be able 
to tell which one is theirs.  
 
(7) Are there any risks or costs associated with being in the study? 
 
Aside from giving up their time, we do not expect that there will be any risks or costs associated with 
taking part in this study for your child. 
 
(8) Are there any benefits associated with being in the study? 
 
We cannot guarantee that your child will receive any direct benefits from being in the study. 
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(9) What will happen to information that is collected during the study? 
 
By providing your consent, you are agreeing to us collecting your child’s date of birth for the 
purposes of this research study. Their personal information will only be used for the purposes 
outlined in this Participant Information Statement, unless you consent otherwise. 
 
Your child’s information will be stored securely and their information will only be disclosed with your 
permission, except as required by law. Study findings may be published, but your child will not be 
identified in these publications unless you agree to this using the tick box on the consent form. 
 
(10) Can I or my child tell other people about the study? 
 
 Yes, you are welcome to tell other people about the study. 
 
(11) What if we would like further information about the study? 
 
When you have read this information, Ben Moore will be available to discuss it with you further and 
answer any questions you may have. If you or your child would like to know more at any stage during 
the study, please feel free to contact Ben on 0450 146 003. 
 
(12) Will we be told the results of the study? 
 
You will be provided with a one-page lay summary of the research after the study is completed. 
 
(13) What if we have a complaint or any concerns about the study? 
 
Research involving humans in Australia is reviewed by an independent group of people called a 
Human Research Ethics Committee (HREC). The ethical aspects of this study have been approved by 
the HREC of the University of Sydney [INSERT protocol number once approval is obtained]. As part of 
this process, we have agreed to carry out the study according to the National Statement on Ethical 
Conduct in Human Research (2007). This statement has been developed to protect people who agree 
to take part in research studies. 
 
If you (or your child) are concerned about the way this study is being conducted or wish to make a 
complaint to someone independent from the study, please contact the university using the details 
outlined below. Please quote the study title and protocol number.  
 
The Manager, Ethics Administration, University of Sydney: 
• Telephone: +61 2 8627 8176 
• Email: ro.humanethics@sydney.edu.au 
• Fax: +61 2 8627 8177 (Facsimile) 
 
 
This information sheet is for you to keep 
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Recognition of the ‘preferred kicking foot’ in AFL players:  
An assessment of accuracy & latency. 
 
PARTICIPANT INFORMATION STATEMENT 
 
(1) What is the study about? 
 
You are invited to participate in a study which aims to examine your accuracy and latency in recognising 
the ‘kicking footedness’ of both your teammates and opponents 
 
(2) Who is carrying out the study? 
 
The study is being conducted by Ben Moore (PhD Student) and is part of his research degree for his 
Doctorate of Philosophy at The University of Sydney, under the supervision of Dr Nicholas O’Dwyer, Dr 
Stephen Cobley and Dr Roger Adams. 
 
(3) What does the study involve? 
 
On a computer screen, you will be presented with a series of head and shoulder photographs of thirty 
players from the Sydney Swans football team, and thirty players from an upcoming opposing team. After 
each photograph has been presented, you will be asked to respond as quickly and accurately as 
possible - using a keypad – as to whether the player in each clip is a ‘right-footer’ or a ‘left-footer’. 
 
Each slide, starts with the index finger of your preferred hand being pressed on a single ‘home key’. As 
soon as you decide about the ‘footedness’ status of the player in the slide, you will release the home key, 
and move to a target key reflecting your choice. This process will be repeated for all photographs 
displayed. 
 
(4) How much time will the study take? 
 
The whole procedure will involve 25 minutes of your time, and will consist of an introduction, practice and 
testing phase.  
 
(5) Can I withdraw from the study? 
 
Being in this study is completely voluntary. You are not under any obligation to consent and participate. If 
you do consent, you can withdraw at any time without fear of penalty or prejudice. Your relationship with 
the researchers or with The University of Sydney will not be affected.  
 
(6) Will anyone else know the results? 
 
All aspects of the study, including individual results, will be strictly confidential and only the researchers 
will have access to participant information. A summary report of the study will be submitted as part of a 
doctoral thesis by the lead researcher and for peer-reviewed publication by the research team. However, 
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at all times individual participant information or associated data will not be identifiable or presented or 
reported.  
 
(7) Will the study benefit me? 
 
There is no immediate benefit from participating in the study. 
 
(8) Can I tell other people about the study? 
 
You are not under any obligation to remain confidential about this study, so you may inform people about 
this study. 
 
(9) What if I require further information about the study or my involvement in it? 
 
When you have read this information, Ben Moore will discuss it with you further and answer any 
questions you may have.  If you would like to know more at any stage, please feel free to contact Ben 
Moore on 0450 146 003; email: bmoo4834@sydney.edu.au or Stephen Cobley on 02 9351 9033; email: 
stephen.cobley@sydney.edu.au; Nicholas O’Dwyer at email: Nicholas.odwyer@sydney.edu.au ; or,  
Roger Adams at email: roger.adams@sydney.edu.au. 
 
 
(10) What if I have a complaint or any concerns? 
 
Any person with concerns or complaints about the conduct of a research study can contact The 
Manager, Human Ethics Administration, University of Sydney on +61 2 8627 8176 (Telephone); +61 2 
8627 8177 (Facsimile) or ro.humanethics@sydney.edu.au (Email). 
 
 
This information sheet is for you to keep 
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Performance accuracy in elite AFL goal-kicking with the preferred and non-preferred 
foot 
 
PARTICIPANT INFORMATION STATEMENT 
 
(1) What is the study about? 
 
You are invited to participate in a study which aims to examine the ability of AFL footballers to undertake 
snap kicks for goal on the left and right foot. 
 
(2) Who is carrying out the study? 
 
The study is being conducted by Ben Moore (PhD Student) and is part of his research degree for his 
Doctorate of Philosophy at The University of Sydney, under the supervision of Dr Nicholas O’Dwyer, Dr 
Stephen Cobley and Dr Roger Adams. 
 
(3) What does the study involve? 
 
 You will undertake a standard warm-up prior to the goal-kicking task, as follows: 
 
▪ 2 laps of the ground. 
▪ 10 minutes of stretching (lower extremities and back). 
▪ 5 kicks over 15 metres. 
▪ 5 kicks over 25 metres. 
▪ 5 kicks over 40 metres. 
▪ 5 snap kicks over 20 metres on left and right foot. 
 
You will then will undertake a total of twenty “snap” kicks for goal. Each kick will be from a “Hard” or 
“easy” angle, and will be undertaken with your left or right foot. Five kicks will be undertaken for each 
condition.  
  
  Each kick will be recorded on a Sony HD video camera, and the result of each kick will be recorded. 
 
(4) How much time will the study take? 
 
The whole procedure will involve 30 minutes of your time, and will consist of an introduction, warm-up 
and testing phase.  
 
(5) Can I withdraw from the study? 
 
Being in this study is completely voluntary. You are not under any obligation to consent and participate. If 
you do consent, you can withdraw at any time without fear of penalty or prejudice. Your relationship with 
the researchers or with The University of Sydney will not be affected.  
 
(6) Will anyone else know the results? 
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All aspects of the study, including individual results, will be strictly confidential and only the researchers 
will have access to participant information. A summary report of the study will be submitted as part of a 
doctoral thesis by the lead researcher and for peer-reviewed publication by the research team. However, 
at all times individual participant information or associated data will not be identifiable or presented or 
reported.  
 
(7) Will the study benefit me? 
 
There is no immediate benefit from participating in the study. 
 
(8) Can I tell other people about the study? 
 
You are not under any obligation to remain confidential about this study, so you may inform people about 
this study. 
 
(9) What if I require further information about the study or my involvement in it? 
 
When you have read this information, Ben Moore will discuss it with you further and answer any 
questions you may have.  If you would like to know more at any stage, please feel free to contact Ben 
Moore on 0450 146 003; email: bmoo4834@sydney.edu.au or Stephen Cobley on 02 9351 9033; email: 
stephen.cobley@sydney.edu.au; Nicholas O’Dwyer at email: Nicholas.odwyer@sydney.edu.au ; or,  
Roger Adams at email: roger.adams@sydney.edu.au. 
 
 
(10) What if I have a complaint or any concerns? 
 
Any person with concerns or complaints about the conduct of a research study can contact The 
Manager, Human Ethics Administration, University of Sydney on +61 2 8627 8176 (Telephone); +61 2 
8627 8177 (Facsimile) or ro.humanethics@sydney.edu.au (Email). 
 
 
This information sheet is for you to keep 
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The influence of a ‘man-on-the-mark’ on ‘set-shot’ goal kicking  
in first-grade Australian Rules Footballers 
 
PARTICIPANT INFORMATION STATEMENT 
 
(1) What is the study about? 
 
You are invited to participate in a study which aims to examine the effect of a ‘man-on-the-mark’ on ‘set-
shot’ goal kicking performance.  
 
(2) Who is carrying out the study? 
 
The study is being conducted by Ben Moore (PhD Student) and is part of his research degree for his 
Doctorate of Philosophy at The University of Sydney, under the supervision of Dr Nicholas O’Dwyer, Dr 
Stephen Cobley and Dr Roger Adams. 
 
(3) What does the study involve? 
 
 You will undertake a standard warm-up prior to the goal-kicking task, as follows: 
 
▪ 2 laps of the ground. 
▪ 10 minutes of stretching (lower extremities and back). 
▪ 5-10 kicks over 15 metres. 
▪ 5 kicks over 25 metres. 
▪ 5 kicks over 40 metres. 
 
You will then undertake four ‘set-shot’ goal kicks at each of four different positions on the ground, all at a 
distance of 35 metres from the centre of the goal posts. Each kick will be undertaken either with or 
without a ‘man on the mark’. Two kicks will be undertaken for each position under each of the ‘man on 
the mark’ conditions.  
 
You will undertake each kick using a standard ‘Drop-Punt’. 
  
  Each kick will be recorded on a Sony HD video camera, and the result of each kick will be recorded. 
 
(4) How much time will the study take? 
 
The whole procedure will involve 30 minutes of your time, and will consist of an introduction, warm-up 
and testing phase.  
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(5) Can I withdraw from the study? 
 
Being in this study is completely voluntary. You are not under any obligation to consent and participate. If 
you do consent, you can withdraw at any time, without fear of penalty or prejudice. Your relationship with 
the researchers or with The University of Sydney will not be affected.  
 
(6) Will anyone else know the results? 
 
All aspects of the study, including individual results, will be strictly confidential and only the researchers 
will have access to participant information. A summary report of the study will be submitted as part of a 
doctoral thesis by the lead researcher and for peer-reviewed publication by the research team. However, 
at all times individual participant information or associated data will not be identifiable or presented or 
reported.  
 
(7) Will the study benefit me? 
 
There is no immediate benefit from participating in the study. 
 
(8) Can I tell other people about the study? 
 
You are not under any obligation to remain confidential about this study, so you may inform people about 
the study. 
 
(9) What if I require further information about the study or my involvement in it? 
 
When you have read this information, Ben Moore will discuss it with you further and answer any 
questions you may have.  If you would like to know more at any stage, please feel free to contact Ben 
Moore on 0450 146 003; email: bmoo4834@sydney.edu.au or Stephen Cobley on 02 9351 9033; email: 
stephen.cobley@sydney.edu.au; Nicholas O’Dwyer at email: Nicholas.odwyer@sydney.edu.au ; or,  
Roger Adams at email: roger.adams@sydney.edu.au. 
 
 
(10) What if I have a complaint or any concerns? 
 
Any person with concerns or complaints about the conduct of a research study can contact The 
Manager, Human Ethics Administration, University of Sydney on +61 2 8627 8176 (Telephone); +61 2 
8627 8177 (Facsimile) or ro.humanethics@sydney.edu.au (Email). 
 
 
This information sheet is for you to keep 
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Performance accuracy with ‘no-look’ AFL handballs 
 
PARTICIPANT INFORMATION STATEMENT 
 
(1) What is the study about? 
 
You are invited to participate in a study which aims to examine the effect on handball accuracy of not 
looking directly at the intended target.  
 
(2) Who is carrying out the study? 
 
The study is being conducted by Ben Moore (PhD Student) and is part of his research degree for his 
Doctorate of Philosophy at The University of Sydney, under the supervision of Dr Nicholas O’Dwyer, Dr 
Stephen Cobley and Dr Roger Adams. 
 
(3) What does the study involve? 
 
 You will undertake a standard warm-up prior to the handball task, as follows: 
 
▪ 2 laps of the ground. 
▪ 10 minutes of stretching (lower extremities and back). 
▪ 10 handballs with both your left- and right-hand over a distance of 10 metres. 
 
You will then will undertake eight handballs towards a target on the right, and eight handballs to a target 
on the left. You will use your right hand for the target on the left, and your left hand for the target on the 
right. Each handball will be undertaken either looking directly at the target, or looking straight ahead. The 
order of conditions will be randomised. 
  
Each handball will be recorded on a Sony HD video camera, and the result of each handball will be 
recorded. 
 
(4) How much time will the study take? 
 
The whole procedure will involve 30 minutes of your time, and will consist of an introduction, warm-up 
and testing phase.  
 
(5) Can I withdraw from the study? 
 
Being in this study is completely voluntary. You are not under any obligation to consent and participate. If 
you do consent, you can withdraw at any time without fear of penalty or prejudice. Your relationship with 
the researchers or with The University of Sydney will not be affected.  
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(6) Will anyone else know the results? 
 
All aspects of the study, including individual results, will be strictly confidential and only the researchers 
will have access to participant information. A summary report of the study will be submitted as part of a 
doctoral thesis by the lead researcher and for peer-reviewed publication by the research team. However, 
at all times individual participant information or associated data will not be identifiable or presented or 
reported.  
 
(7) Will the study benefit me? 
 
There is no immediate benefit from participating in the study. 
 
(8) Can I tell other people about the study? 
 
You are not under any obligation to remain confidential about this study, so you may inform people about 
this study. 
 
(9) What if I require further information about the study or my involvement in it? 
 
When you have read this information, Ben Moore will discuss it with you further and answer any 
questions you may have.  If you would like to know more at any stage, please feel free to contact Ben 
Moore on 0450 146 003; email: bmoo4834@sydney.edu.au or Stephen Cobley on 02 9351 9033; email: 
stephen.cobley@sydney.edu.au; Nicholas O’Dwyer at email: Nicholas.odwyer@sydney.edu.au ; or,  
Roger Adams at email: roger.adams@sydney.edu.au. 
 
 
(10) What if I have a complaint or any concerns? 
 
Any person with concerns or complaints about the conduct of a research study can contact The 
Manager, Human Ethics Administration, University of Sydney on +61 2 8627 8176 (Telephone); +61 2 
8627 8177 (Facsimile) or ro.humanethics@sydney.edu.au (Email). 
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